Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 




i'wmm^^ 




'\ -. 



J 



^, s f- . -^ 



A 



\ 



" 



I » 



/ 




A 



S-^-— 



J 



*! 




ELEMINTiRY ^ 



TEXT BOOK 



FOR 

i YOUNG SURVEYORS AND LEVELLE 

t 

■ 

! WITH 



COPIOUS FIELD NOTES, PLANS, AND DIAGRAMS, 



PBXPIBBD SXPBE88LT FOB TUB USE OP 



SCHOOLS AND COLLEGES. 



BY HENRY JAMES CASTLE 

SURVEYOR AND CIVIL ENGINEER: 

MBMBBB OF THB 80CIBTT OF ABTS; ASSOC. IlfSTITUTB OF CIVIL ENGDrSEBS; 
AUTHOB OF A TBEATISB ON SUBYBTiyO AKD LBVBLUNO; 

out outmros and bmbanuoemts ; on bailwat cubyes, etc., and lectubeb 

PRACTICAL SUBVBTnrO AND LEVELLINO AT KINO'S COLLEGE, LONDON. 



LONDON: 
SIMPKIN, MARSHALL, & CO., STATIONERS' HALL COUR 

1856. 



//J. ^ . jy , 




Orv 



D. Cahn and Co., Printers, 16, WU^on-ctreet, Fixicbury. 



TO 

JOHN C. BIRKINSHAW, ESQ., 

CIVIL ENQINEEB, ETC. ETC., 

AS A SINCEKE BUT HUMBLE ACKNOWLEDGMENT 

OF THB MANT 
KINDNESSES BECEJYED AT HIS HANDS, 

WHILE EMPLOYED UNDER HIM IN THE FIELD 



» 



Wiiisi Wiatk 



IS, WITB ETEBT WISH FOJS,- BIS FUTURE HAPPINESS 

AND PROSPERITY, 

• •• 

RESPECTFULLY INSCRIBED BY HIS SINCERE FRIEND 



J 



AND OBUGED SERVANT, 



THE AUTHOR. 



PREFACE. 



This book has been prepared expressly for the use of the 
upper forms in schools and colleges. The school works, 
hitherto in use, have been scarcely so much works on 
mrveyingi as compendiums of mensuration, heights and 
distances — subjects, which may be fiiUy understood, without 
the student being in the smallest degree enlightened as to the 
beat metiioda of practiGol surveying adopted in the present 
day. And whatever small portion of their contents may have 
been devoted to Land Surveying (properly so called), they 
are faint and imperfect sketches of bad systems long since 
exploded; going, it is true, upon the old and favourite plan 
of accumulation, or of working from part to whole — that of 
" adding field to fiM and acre to oM^e^^ — ^but producing a 
distorted representation of the positions of eaclv and a 
very incorrect sum total of the whole. This system has 
been found to be so very defective, and the o^^<^\\i^ ^Tsfe<» 
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of working from whole to party has so entirely superseded 
it, that whatever little a lad may have learned of Surveying 
at school by the old method, has to be unlearned again, 
before he can clearly imbibe the new. 

In introducing this new system in the present work, 
which is respectfully but confidently submitted to the 
notice of the public, the Author has therefore endeavoured, 
and he hopes successfully, to present it in a form, suited 
from its simplicity to the understanding of the young, and 
explained and illustrated with such diagrams and practical 
field notes (arranged in the way adopted by surveyors in 
the field) as cannot fail to impress the principles indelibly 
on their minds. 

The subjects treated of here will be found to go beyond 
what are generally introduced in school books; but in 
treating briefly upon many subjects, and explaining the 
first principles of each method of Surveying, whether by 
the Chain, Theodolite, or Circumferentor, or lastly that 
of Levelling, the Author has considered, that in going 
fully and To\xmte\j into Xhevc first principles^ he has better 
consulted the interest of the student, than in taking up any 
one subject, and dwelling upon it to the exclusion of the 
rest, more amply than the young mind can at an early age 
properly comprehend. 

The work is divided, like the Author's larger work, into 
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four beads : the Chain, Theodolite, and Circumferentor 
Surveying ; and Levelling, treated simply but fiilly, so that 
the student can, if deemed necessary, at once proceed to 
the study of the larger work, which treats upon the several 
subjects more practically and scientifically.* 

The examples attached to each Rule are such, that the 
pupil, who carefiiUy studies them, cannot help becoming 
master of the subject — he will certainly have nothing to 
unleamf should he afterwards follow it professionally. 

It seems almost unnecessary to offer any apology for 
writing a work of this kind in the present day, when the 
necessity of keeping pace with the times, and of making 
the education of the young more practical and scientific 
than has hitherto been the custom, is taken into conside- 
ration. The field application of the principles of surveying 
must inevitably tend, by the use of the various instru- 
ments alone, to give a tone to the mind, and encourage a 
fondness for science, at the same time that it presents to 
the understanding the usually dry subject of the mathe- 
matics in a much more familiar and interesting form than 
could be done without it 

Nothing is more pleasing to youth, than learning acquired 
by the use of the eyes. A problem explained and carried 

* Castle's " Engineering Field Notes." Sim^kmwA^<i. 
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out before them^ will be impressed on the mind mnch more 
clearly and permanently than one that is merely addressed 
to their understanding. 

The Author can now speak from experience. He has 
proved from the number of copies sold of the work that 
the opinion which he expressed in a former Edition was 
perfectly correct, viz., that at one time or other in places 
of education this subject would become a favorite one. 
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PROTRACTOR. 




DRAWIHO rasTBCHEKTS. 

The box of instruments should coatam a pair of dividers ; 
compasses, with leDgtiieniog bar, and pen and pencil ; a 
bow-peocil and bow-pen ; an ivory protractor, as shewn in 
the annexed drawing; a twelve-inch ivory or box scale, 
with a two-Inch o^t scale to match. 

The protractor is used for angular measurement — thus, 
suppoBe it were required to take off an angle of 60" (see 
Geometrical Problem No. 3, p. 7), at the point A, place 
the protractor, so that its centre A should coincide with, or 
fidl upon A, and the line AB upon the line A6. It will 
be observed, that the degrees are numbered both ways 
round the protractor. An angle may therefore be taken 
either from left to right, or from right to left, as the case 
may require ; but as it is divided only to degrees, the minutes 
must be guessed at. Now to lay off the given angle of 60 
degrees fiom the line AB, look for 60° , ca\x'Q.V\a^ fewa 
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right to left^ and make a mark on the paper at C. A line 
drawn from A through C will make with the line AB the 
required angle of 60^, which is termed the angle BAG or 
CAB, the centre letter always signifying the angular point. 
Any other angle may be taken in the same way — ^thus, the 
angle BAE would be an angle of 90 degrees, called a 
quadrant or right angle. 

There is a larger protractor furnished with a vernier, but 
it is an expensive instrument, and is not necessary, except 
where great accuracy is requisite. 

The inner portion of the protractor called the diagonal 
scale of equal parts is used for measuring distances. 

It is arranged for two scales, the one (called the scale of 
forty) being either 4, 40, 400 chains, yards, or feet, to the 
inch; the other (called the scale of twenty) being either 
2, 20, or 200 chains, and each of these parts is subdivided 
into ten. Now, if the larger divisions be called chains^ 
each of the small divisions, as seen at either end of the 
scale, will be ten links. The whole of the upper line of 
the diagonal scale will read six chains, or 5*90 chs., 5*80 
chs., &c., according as you contract the compasses by one 
or more of these ten divisions on the right 

The lower line will read 12 chs., or 11*90, 11*80, &c., 
as vou contract them on the left 

For anything less than 10 links the other intermediate 
horizontal lines must be used; the distances upon them 
being determined by the intersection of the diagonal lines 
at either end. Now looking at the upper line (scale of 
twenty) where the large divisions number from right to left, 
it will be seen clearly that, if from 1 to a be one chain, one 
jardj one foot, &c., then from a to i in the smaller division 
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is -10 or ^ of one chain or yard — from a to « is -20, or 
-^; from a to 6 is -60 or ^ ; and that from 1 of the larger 
divisions to s of the smaller is therefore 1*20; from 1 to 6 
is 1*60; and so on. 

To mark oflF, therefore^ any distance given you in units 
and tenths^ extend the compasses from the larger division 
corresponding to the given unit, to that of the smaller 
division corresponding to the tenths, whether these units be 
chains, yards, &c. This distance measured on the top line 
will be the distance required. 

Again, by following any diagonal line downwards (scale 
of 2) it will be seen at the bottom to become -^ more to the 
right than it was at the top— that is, in the whole breadth 
of the scale 10 links or hundredths of the unit are gained; 
now as this breadth is divided into 10 equal parts by inter- 
mediate horizontal lines, at one line down, it will be "01 or 
ihff o^ (one link, if the unit is a chain) ; at two lines down, 
•02 or lixf (two links), and so on; the numbers of the 
horizontal lines are marked at each end. 

Hence, for the chains (scale of 2), look from ato k; for 
the nearest 10 links, from a to c; and for the odd links, 
look downwards from c to/; thus : — 

Example. If it be required to measure oflF 4 chains 68 
links (4*68 chains), to the scale of 2 chains to the inch ; 
look for the first figure of the links (6) at the top of the 
diagonal divisions, then pass the eye down the diagonal 
line, and observe where it meets the horizontal line opposite 
the other figure 8 ; place one leg of the compasses on this 
point, and open them till the other leg extends to where 
the perpendicular line drawn from the 4 chains at the top 
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intersects the same horizontal line. This will be the 
distance required.* ' 

The protractor is also generally furnished with a scale of 
chords^ offering another method of measuring angles. This 
scale is constructed on the principle, that a chord of 60 
degrees equals the radius of the circle ; the mode of using 
this will be shown in Problem 3 in Geometrical Problems. 

* Note. — This distance is marked in the diagram by two small circles (o) 
at the two points answering to the given distance. 



DEFINITIONS. 

A point has neither lengthy breadth, nor thickness. 

A line has length without breadth. 

A plane, or superficies, has length ^d breadth only. 

A solid has all three — ^length, breadth, and thickness. 

An angle is the inclination of two straight lines meeting 
in a point 

A right angle is the inclination of one straight line to 
another, when, if either be produced, the second angle will 
be equal to the former. 

An obtuse angle is greater; an acute angle less, than a 
right angle. 

Parallel lines never meet 

A parallelogram is a four sided figure, having its two 
opposite sides parallel. 

A rectangle is a right angled parallelogram. 

A square is an equal sided rectangle. 

A rhombus is equilateral, but not equiangular. 

A rhomboid is neither equiangular nor equilateral. 

A circle is a plltin^gure bounded by its circumference, 
every part of which is equidistant firom the centre. This 
distance firom the centre is called the radius. 

An arc is a portion of this circumference. 

The chord of an arc is the straight line, joining the 
extremities of the arc. 

A segment is the space included between the chord and 
the arc. 

The sector of a circle, is the space included between two 
radii, and the arc ; therefore the sector of a right ai\^<^ ^& %. 
quadrant 
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GEOMETRICAL PROBLEMS. 



1. 7o describe an equilateral triangle upon a given line. 

Let AB be the given line. 

From A and B> with the 
radius AB» describe two circles 
intersecting in C ; join AC and 
BC. 

ABC is the equilateral tri- 
angle required 

2. /Vom apdnii within a given Kne, to erect a perpendicular. 




X 



Let AB be the given line» 
and C be the given point 

From C^ as a centre^ take 
any ^stance, CA, and make 
CB=:CA. Then fiom A and 
B, as centres^ at the distance 
AB» describe arcs intersecdng 
at D ; join the point of int»- 
sectioD at D with the point C CD will be popendicdar 
ID A& 

S, ^t a fiMn jpoiU, w a gicM IiM» %> coMCraoCa wigkt 
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ungUy or an angle of any number of degrees^ by means of 
a scale of chorda. 

Let AD be the given line, and A the given point 

Take off with your compasses 
(on any scale of chords) AB, 
the chord of 60 degrees (rodftu^); 
and from the given point A, 
with that distance, describe a 
circle intersecting the given 
line at B ; then, from the point 
of intersection, with the dis- 
tance of the chord of 90 degrees 
BE, or of the chord of any other angle that may be required, 
BC, on the same scale describe another circle, intersecting 
the former. Join the points of intersection with the given 
point A, and the lines will be perpendicular to, or making 
the required angle, with the given line. A protractor may 
be used, but not so accurately, for the same purpose. 

Example 1. At the point A, on the line AB, construct 
angles of 20, 40, 70, 120, 145, 175, and 179 degrees. 

3 a. From a point at the end of a given straight line to 
erect a perpendicular. 




Let AB be the given straight 
line, and A the point at the 
end. Take any point D and 
from D as centre, at the dis- 
tance DA, describe the circle 
EAC, and join CD, and pro- 
duce to E. Join EA. 

EA will be the perpendicular teqait^d* 
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4. To bisect a given straight line. 

Let AS be the given straight 
line ; it is required to bisect it. 
Upon AB describe the equi- 
lateral triangles^ A C B and 
ADB ; join the vertices C and 
D by the line CD, intersecting 
AB at E. E shall be the point 
of bisection. 




\/ 



5. To let fall a perpendicular upon a given straight line^ 
from a given point above it 



Let AB be the given straight 
line, and C the given point. 
From C take any distance CG, 
and describe the circle EGF, 
intersecting AB in E and F; 
bisect EF in H. and join CH, 

CH is the perpendicular 
required. 

6. To bisect a given angle. 

Let ABC be the given angle ; 
take any point D in AB, and 
from B, as a centre, at the dis- 
tance BD, describe the circle 
DGE; join DE, and bisect it 
in F; join BF. 

BF shall bisect the angle 
ABC. 
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7. To bisect a given angle, when the inclination of the two 
sides can only be obtained, and not the vertex of the angle, 
included between them. 

Let A and B be the two 
sides such^ that they cannot 
be produced. Take any 
points, A and B^ and drawg 
the equal perpendiculars 
AD and BC ; through D 
and C draw DF and OF 
parallel to A and B respec-^ 

tively ; the angle DFC will be equal and similarly situated 
to the angle at the vertex. Bisect the angle DFC by the 
line E F, this line produced will bisect the given angle. 




8. To draw a line parallel to a given line. 



Through the point C to 
draw a line parallel to the 
given straight line AB. 

Take any point D in AB, 
join CD, and at the point 
C make the angle DCE 
equal to the angle ADC ; 
produce EC to F. 

EF shall he parallel to AB. 
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9. To divide a given Une, AB^ into any number of equal 
parts. 

At the point B, making 
any angle with AB^ draw 
the unlimited straight line 
BC; take the required 
number of (six) equal 
measurements of any 
length from B towards 
C5 ending at D ; join DA, 
and through the several 
points on BD^ draw lines^ 
parallel to AD, to the line AB ; these lines will intersect 
AB equally, and will be of the required number. 




10. Upon a given base to construct a triangle, whose other 
two sides shaU be respectively equal to two given lines, any two 
of the lines, however, must be greater than the third. 

Let A and B be the given ^ 

lines, and CD be the given b 

base; any two of them being 
greater than the third. It 
is required to describe upon 
CD a triangle, whose other 
two sides shall be equal to 
A and B. 

-At the centre C, with the c D 

distance CE, equal to B, describe a circle ; and at the 
centre I>, with the distance D£, equal to A, describe 
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another circle, interaectrng the first in £ ; join EC and 
ED. CED shaU be the triangle required 

Example 1. Construct the following triangles, whose 
indes are respectively, 30, 40, 50; 25, 75, 55; 120, 130, 
140; 100, 20, 90; taken upon any scale of equal parts. 



11. To describe a square on a given line AB. 

From the point A erect a per- 
pendicular to A6; make AC 
equal to A6 ; and through the 
point C draw CD parallel to AR ; 
make CD equal to A6, and join 
BD. 

ACD6 shall be the square 
required. 




12. To construct a trapezoid^ having its two perpendiculars 
and its base given. 



At the points A and 6, of 
the base AB, erect two per- 
pendiculars AC and BD of the 
given lengths, and join CD. 

ACDB shall be the figure 
required. 



-4> 
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13. To cofiBtruet a trapeziumy ABCDy having the tides 
and' the diagonal given. 

Conceive the trapezium divided 
into two triangles, ABC and 
ADC, having the common base 

AC, which is the given diagonal. 
Draw the base AC, and upon it, 
on their respective sides, construct 
the required triangles (prop. 10) 
ADC, ABC; having the sides 

AD, DC; AB, BC, of the re- 
quired lengths. 

ABCD shall be the trapezium required. 

14, From a given point -4, in the circumference^ to draw 
a tangetxt to the circle ABD, whose centre is C, 




Join CA, and make £A per- 
pendicular to AC ; £A shall 
be the tangent required. 




15. From a giten point A^ without the dreumfereneey 
dtaw a tangent to Ae circU BED. 

Join AC, and upon AC de- 
scribe the elide AECB* Join 
AR AB shall be the tangent 
iXKluired; fiw ABC is a right ^^ ^ 

angle, being in a semidrde^ ^ ^^^ ^ /' 
and dmteforft AB is at i^t 
Miff/e$ to CB, wfaidi is the 

ta ITiereloK AB b ^ tHQg»ki i«q;|s^^ 
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16. Throtigh the three given points. A, By D, not in a 
straight line, to describe a circle. 

Join A6 and BD^ and bisect 
them; erect perpendiculars till 
they meet in C ; C will be the 
centre of the circle. 




17. To find a third proportional to two given lines. 



I — *- 



Let A and B be two 
given lines. Draw any 
two unlimited lines^ CD 
and CE, making any an- 
gle between them. From 
CE cut off CF, equal to 
A; and from CD, CG, 
equal to B, join GF; 



again, take CK, equal to K p 

CG or B, and through K draw KL parallel to GF. CL 
is a third proportional to A and B, because by similar 
triangles, CF: CG:: CK or CG: CL; therefore, if CF 
be double CG, CG will be double CL. 

Example 1. Find third proportionals to the. following 
lines, viz. : 20, 30; 12, 24; 8, 12 ; 7, 14. 

Answer. 45, 48, 18, and 28, respectiveV^. 
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GEOMETRICAL PROBLEMS. 



18, To find a fcmriJi proportionjal to three lines. 

Proceed as in the above, but instead of taking CKI, equal 
to CG or B, take CK equal to the third line; then CL in 
this case also becomes the fourth proportional 

19. To find a mean proportional between two lines A 
and B. 



Draw any line DG ; make 
DC equal to A, and CG 
equal to B; upon DG, as 
diameter, describe a circle ; 
erect the perpendicular CF, 
which is the mean propor- ) 
tional required. For DC. 
CG=CF2. 



A 




.-.DC: CF:: CF: CGand CF= V DC.CG. 
Example 1. Find mean proportionals between 36 and 
100 ; 25 and 36 ; and 7 and 28. 
Answer: 60, 30, and 14, respectively. 

20. To divide a given line^ AB^ into proportional parts. 




Through A draw any un- 
limited line AK, and take 
AC and CD of the required 
proportions; join DB, and 
through C draw CG parallel A 
to DB. AG and GB, are the parts required. 
For, by similar triangles, AC : AD ; ; AG : AB, and 
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convertendoy AC : •(AD— AC) :: AG : (AB— AG); 
i.^AC : CD:: AG : GB. 

Example 1. Divide the line AB, whose length is 48, 
into the following proportional parts, 6 to 2 ; 7 to 1 ; and 
5 to 3. 

Answeb. 36, 12 ; 42, 6 ; 30, 18, 
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USEFUL THEOREMS. 




1. If two straight lines cut 
one another, the opposite angles 
are equal, and the four angles 
are together equal to four right 
angles ; i. e. the angle AEC is 
equal to the angle DEB, and 
the angle CEB to the angle AED. (Euclid I, 15.) 

2. In any triangle the A 
three interior angles are 
equal to two right angles ; 
i. e.9 the angles at A, B 
and C, are together equal 




E 



to two right angles, {Eur B 
did I, 32.) 

3. All the interior angles of 
any rectilineal figure are equal 
to four less than twice as many 
right angles as the figure has 
sides ; t. e, in the five-sided 
figure ABODE, all the interior 
angles at A,B,0,D, and E, are 
equal to four less than twice five right angles ; that is, are 
egual to six right angles or 540 degrees. {Euclid 1, 32, Cor. 
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4. The greatest angle of every triangle is opposite the 
greatest side. (Euclid I, 18.) 

5. Parallelograms and tri- 
angles upon equal bases and 
between the same parallels, 
that is, having the same per- 
pendicular height, are equal 
to each other; i.e.y the pa- 
rallelogram ABCD=the parallelogram DBCE; and the 
triangle ABC = the triangle CFE. (Euclid I, 35—38.) 

6. In every right-angled triangle, the 
square of the hypothenuse is equal to the 
sum of the squares of the base and perpen- 
dicular ; ie.y in the right-angled triangle 
ABC, AC2=AB^+BC.2 

7. In any right-angled 
triangle, if a line be drawn 
at right angles to the-hy po- 
thenuse, this line is a mean 
proportional between the 
segments of the hypothenuse ; and the base and perpen- 
dicular are, respectively, mean proportionals between the 
hypothenuse and the segment adjacent to them; ie,, 
BD. DC=DA2; CB. BD=BA2; and BC. CD^CA^. 
(Euclid VI, 8.) Also BA« — AC2 = BD« — DC^ 

or BA+AC. BA— AC=:BD+DC. BD=^DC. (Euclid 
11. 5 Cor.) 

This is a very useful proposition in measuring t\v^ ^vi\]tL 

c 





J 
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nSBFUL THEOREMS. 




of a river; one or two practical applicadone of it will be 
given in a subsequent part of the work. 

9. The angle, in a semi-circle, is a 
right angle ; in a segment, less than 
a semi-circle, greater than a right 
angle ; in a segment, that is greater, 
less; Le., AB being the diameter, 
the angle AEB is a right angle; the 
angle EFB, being in a segment less c 
than a semi-circle, is greater than a right angle; and tbe 
angle BAE is less. (Euclid III, 31.) 

10. Angles, standing upon equal cir- 
cumferences, are equal, whether they be 
at the centre or the circumference ; i.e., if 
the circumference BE be equal to the cir- 
cumference BC, the angles EAB, BAG 
on the circumference, and the angles 
EDB, BDC at the centre, are equal; and theanglesEDB- 
BDC are respectively double the angles EAB, BAG. 
{Euclid III, 20 and 27.) 

11. If a line touch a circle, any angle made between tbis 
line at tbe point of contact, and a line cutting tbe circle, is 
equal to the angle in the alternate segment ; i.e. {See Fig. 9), 
tbe angle CBE equals tbe angle EFB, and tbe angle CBA 
equals the angle AEB. {Euclid III, 32.) 

12. Parallelograms, and triangles of equal altitude, are 
as their bases ; and of equal bases, are as tbeir altitudes. 
{Euclid VI, 1.) And, when neither are equal, in ibe com, 
pound ratio of both; le., if there be two triangles whose 
bases and perpendiculars are as follows : tbe one base 40, 




USBFTTL THEOBB1I& 



19 



the other 20; the one height 30, and the other 15; the 
area of the larger triangle is to that of the smaller, as 
40x30 is to 20X15, or as 1200 to 300; or as 4 to 1. 

13. Similar triangles have their areas, proportional to the 
squares of their homol(^ous sides. (Euclid VI, 19.) 



That is, the area of the triangle 
£BF is to that of the triangle ABC, 
as EB2 is to AB«, or as BP is to 
BC2. 




<■ . . 



PRELIMINAEY OBSERVATIONS. 



The statute acre in England consists of ten square chains, 
that is, often square blocks of land, whose length and breadth 
are onech^n each; or, taking the 10 blocks as one whole 
block, then an acre is equal to the area of a rectangle, whose 
base is 10 chains and perpendicular 1 chain ; or to any other 
rectangle, the product of whose base and perpendicular also 
equals 10 chains: thus, 4 chains base with 2^ chains per- 
pendicular, and 2 chains base with 5 chains perpendicular 
are each equal to 1 acre. 
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Now the acre being equal to 10 square chains, and each 
chain containing 22 yards;, or 4 poles, we have for the 
area, 

(ly chain xlOp 10 square chaitis; 

or (4)2 poles X 10= 160 square poles; 

or (22y yards X 10=4840 square yards ; 

or (66)2 feetxlOz=43560 square feet; 

or (100)2 links X 10= 100,000 square links. 

Again, as there are 100 links and 66 feet in a chain, 

1 chain=100 links=:66 feetz:792 inches; 

hence 1 linkz37'92 or 8 inches nearly; 
and IJ link=zll'88 incheszil foot nearly; 
hence, vnth any quantity less than one chains to bring feet 
into links, add ^ more, to bring links into feet, take J less. 

Again, because the acre equals 160 square poles or perches, 
and there are 4 roods in an acre, there will be 40 square 
rods or perches in a rood. These are the aliquot parts of 
an acre. 

PKOBLEM I. 

To bring acres therefore into roods arid perches, multiply by 
4 and by 40, 

Example 1. In 8 acres, how many roods? 

Answer 32 roods, or 1280 perches. 

Example 2. In 24J^ acres, how many perches? 

Answer 3920 perches. 

PEOBLEM II. 

To bring square chains into acres, roods and perches. 

As almost all areas are obtained in square chains, by the 
multiplication of one side in chains, by another side in chains. 
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this is perhaps the most practical case that can be given to 
a beginner. 

Ride. Divide the square chains by 10^ to bring them to 
acres, and then multiply by 4 and 40 as before. 

Example 1. Let the area of a field equal 8*2500 square 
chains (that is 8 square chains and 2500 square links). 
Required the number of acres. 

10 I 8-2500 



0-82600 
4 

3-30000 
40 

12-00000 



A. R. p. 

Answer 0. 3. 12. 

Example 2. How many acres, &c, will there be in -8250 
chains; and in 82*50 chains. 

A. R. P. A. R* P* 

Amw&r 0. 0. 13. and 8. 1. 0. 
The difference depends upon the different positions of 
the decimal point 
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MENSURATION. 



PROBLEM I. 

lofind the area of a triangle, when the base and 
perpendicular height are given. 
Rule. Multiply the base by ^ the height 

Example 1. What is the area of a triangular field, whose 
base is 5 chains 50 links, and height 3 chains 20 links? 



3-20 
6-50 X ^Y = 8-8000 sq. chs., 

A. R. p. 
and 8-8000 sq. chs. = 0. 3. 20. 



A. R. P. 

Answer 0. 3. 20. 



Example 2. Required the area of a triangle, whose base 
is 7 chains 25 links, and perpendicular height 90 links. 

A. R. p. 

Answer 0. 1. 12. 

Example 3. How many square yards are contained in a 
triangular plot of ground, whose base and height measure 
respectively, 8 chains 50 links, and 5 chains 50 links? 

By preceding rule area zn 2*3375 acres, 

multiply by the sq. yards in 1 acre = 4840 

areazz 11313-5 sq. yards. 
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PROBLEM n. 

To find the area of a triangle, when the three sides 

are given. 

Rule. Take half the sum of the three sides, subtract each 
dde severally from this sum ; then multiply this and the 
liree remainders together, and take the square root for the 
Lrea. 

Example 1. What is the area of a triangle, whose three 
ides are 30, 40, and 50 chains ? 

Answer = V 360000 = 600 sq. chains = 60 acres. 

Example 2. Required the area of a triangular field 

Tvhose three sides measure respectively 25 chains, 42 chains, 

^nd 56 chains? 

A. R. p. 
Answer 49. 0. 10. 

Example 3. The three sides of a triangular plot of 

ground are respectively 20 chains 40 links, 25 chains- 20 

links, and 30 chains 50 links. What is the area? 

A. R. p. 
Answer 25. 2. 4. 

Example. 4. Given the sides of a triangle 24 chains 72 
links; 38 chains 75 links; and 44 chains 68 links; to 
ascertain the area in square yards. 

Answer 231384 square yards. 

PKOBLEM III. 
To find the area of a quadrilateral right-angled figure. 
Rule. Multiply the length by the breadth, the ^todvict 
^ill be the area. \ 
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MENSURATION. 



Example 1. What is the area of a rectangular field, 
whose length is 35 chains 40 links, and breadth 24 chains 
36 links? 

chs. chs. sq. chs. acres. 
35-40 X 24-36 = 862-34 = 86-234 

4 



A. R. P. 

Answer 86. 0. 37. 



•936 
40 



37-440 C 




Example 2. Required the area of a right-angled paral- 
lelogram, whose length is 56 chains 24 links, and breadth 
35 chains 42 links. 

A. R. p. 

Answer 199. 0. 32. 



PROBLEM IV. 

To find the area of a trapezoid. 

Rule. Multiply half the sum of the two parallel sides by 
the distance between them. 

Example 1. In a trapezoid, whose parallel sides are 7 

chains 25 links and 8 chains 63 links, the distance being 1 1 

chains 65 links, how many acres are there ? 

7-25 

8-63 A 



2 I 15-88 

chains, acres. 

7-94 X 11 -65= 92-50=9.250 

4 

A. R. P. 

Area = 9. 1. 0. 1-000 
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Example 2. What is the area of a trapezoid, the parallel 

sides of which are 14 chains 20 links, and 12 chains 35 links, 

and the distance between them 27 chains 25 links? 

A. R. p. 
Answer 36. 0. 28. 

Example 3. Required the area of a trapezoidal field 
whose sides are 40 chains and 27 chains, and distance 15 
chains and a hal£ 

A. R. p. 

Answer 51. 3. 28. 

PROBLEM V. 

To find the area of a parallelogram, wlwse angles are not 

right angles. 

A B 

Let ABCD be the parallelo- . 

gram, whose area is required ; / 

let fall the perpendicular AE. / 

The measurement of the pa- ^ 

raUelogram is AE. CD. C je d 

Rule. Multiply the base CD by the perpendicular 
AE. 

Example 1. Required the area of a four-sided regular 
field, whose sides are 20 chains 15 links, and 16 chains 89 
links, and the included angle 30 degrees. 

Plot the figure to any scale ; its perpendicular height 
will then be found to be 8*45 chains, 

wkI 20-15 X 8-45 = 170-265 square chains. 

A. R. P. 

Anaiocr \1. Q. \, 
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Example 2. When the sides are 15 chains, 25 links; 

and 21 chains 18; and the included angle 45 degrees ; what 

is the area of the field ? 

A. R. p. 
Answer 22. 2. 26. 

ExABTPLB 3. With the same sides, bat with an angle of 
105 degrees, what is the area? 

A. R. p. 
Answer 31. 0. 31. 

PROBLEM VL 

To find the area of a trapezium. 
Ride. Divide the trapezium into two triai^es by the 
longest diagonal (see Geometrical Problems, 13th Ex.); 
take this as the common base of the two triangles, and 
multiply it by half the sum of the two perpendiculars (BE 
and FD in the diagram, let fiill upon it, from the opposite 
angles). 

EXAMPI.B 1. To find the area of a trapezium, whose 
diagonal is 20 chains, and the two perpendiculars 2 chains 
50 links, and 3 chains 40 links. 

2-50 

3-40 



2 I 5-90 A. B. p. 

Jfinr«r=2*95 X 20 = 59 sq. chains =5. 3. 24. 

Example 2. How many square feet of paving are there 
in a court yard, whose diagonal is 2 chains 64 links, and 
perpendiculars 95 links and 84 links? 

, Answer 1029S square feet. 
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PEOBLEM VII. 
To find the area of an irregular polygon* 

Rule. Divide the polygon into trapeziums and triangles^ 
and find the sum of the areas of each. 

Various examples of this will be found in the part on 
chain surveying. 

PEOBLEM VIII. 
To find the circumference of a circle. 
Rule. Multiply the diameter by 3'1416. 

Example 1. What is the circumference of a circle, 
whose diameter is 30 chains ? 

Circumference — 3-1416 x 30 = 94-2480 chains. 

Example 2. Required the circumference of a circle, 
whose diameter is 17 chains 40 links. 

Answer 54*66 chains. 

Example 3. What is the diameter of a circle, whose 
circumference measures 1,000 chains ? 

Answer 318 chains 30 links. 

PEOBLEM IX. 

To find the length of any arc. 
As 360^: to the given degrees of the arc : : the whole 
circumference : to the length of the arc required. 

Example 1. What is the length of an arc of 20^, of a 

circle, whose circumference measures 850 chains ? 

As 360«: 20^: : 850 chains : x 

850 X 20 

^ X = -iz 47-22 

360 Aus.\n^^^^5QSu 
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Example 2. Required the length of the quadrant, the 
circumference measuring 300 chains. 

Answer 75 chains. 

Example 3. What is the circumference of a circle, when 
the arc of 30"^ measures 17 chains 20 links? 

Answer 206 '40 chains. 

PEOBLEM X. 

To find the area of a circle. 
Rule. Multiply the square of the diameter by •7854. 

Example 1. What is the area of a circular field, whose 
diameter is 18 chains? 

182 y^ .7g54 — 254-4696 sq. chains = 25-44696 acres. 

A. B. P. 

Answer 25. 1. 31. 

Example 2. The area of a circular plot of ground is 
required, whose diameter is 27 chains. 

A. R. p. 

Answer 57. 1. 1. 

Example 3. What is the area of the circle, that can be 

described by a rope, measuring 5^ chains, having one end 

fixed, as a centre ? 

A. R. p. 
Answer 9. 2. 0. 
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CHAP. L 

ON THE CHAIN. 

The chain^ in common use, is called Gunter's chain, from 
its inventor, and is divided into ten equal parts, distin> 
guished by a piece, of brass, with notches ; the brass at the 
first division, from either end, having one notch ; at the 
second division, two notches ; at the third, three ; at the 
fourth, four ; and at 50 links, or the middle of the chain, 
there is a round piece of brass. 

The object of marking these divisions from either end of 
the chain, is to enable the surveyor to measure eiih&r way 
from each end. 

Each of the above brass divisions of the chain is again 
sub-divided into other ten parts, or links; so that the whole 
chain is divided into 100 parts, or links; each link therefore 
'=-Thi5 cl^ = 0*0 1 chs. ; and each 1 links = -}j^ chs = 0*10 chs. 

The advantage of this arrangement is, that, in mea- 
suring a line, it matters not whether the distance be termed 
7*32 chains (7 chains 32 liriksy), or 732 links; and, as 10 
square chains make one acre, or 10 times (100 links)* or 10 
(10000 links) or 100000 square links, it is only necessary to 
multiply together the length and breadth, given in links, 
of a piece of ground, whose area is required, and set off 
four decimal places, when the integers will be square 
chains ; or set off five decimal places, and the integers 
will be the required acres. 



30 ON THE CHAIN. 

To measure a straight line toith the chain. 

In measuring with the chain, it is requisite to have ten 
small arrows, or pins of strong iron wire, about a foot and 
a half long, and pointed at one end, to stick in the ground. 

A piece of red cloth should also be tied to the ring of 
each arrow, so that they may be more easily perceived in 
the midst of grass or underwood. 

The surveyor should also be furnished with some half 
dozen poles six feet high^ about an inch diameter, pointed 
and shod at the bottom, and having a white and red flag, 
about nine inches square at the top. 

Important observations to young beginners* 

Having previous ranged the line carefully with these 
flags, of which there should be at least three to every long 
line, let one assistant take the lead, who is called the leader, 
having the ten pins and the chain-handle in his left hand, 
and proceed toward the mark at the end of the line ; while 
the other assistant, called the driver, holding the other end 
of the chain also in his left hand, keeps it close against the 
mark or starting point ; when the leader has come to the 
end of the chain, let him turn round with his face towards 
the driver, and, taking one of the arrows in his right band, 
let him pull the chain tightly, keeping it on the ground, 
and put down the arrow he held in his right hand close 
against the chain-handle outside. 

As the chain is seldom straight at first, when the leader 
faces the driver, the driver must always keep his end to the 
ground, close to the mark ; but the leader, previously to 
finally setting the arrow, should raise the chain with both 
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hands, shake it to the very end, and before he puts his 
arrow down, see that it is perfectly straight. 

The leader must also observe, as he is putting down the 
chain, to look towards the driver, to see if he is himself in 
the right direction, or whether the driver is noting him to 
the right or to the left ; when he has succeeded in hitting 
the right direction (which he knows by the driver calling 
out " dovm **), and, obtauiing the proper measurement 
of the chain, by carefully complying with the directions 
above, and has put his first arrow down, he must return the 
cry of " dovm^ to the driver, and, taking the chain up in 
his right hand, must proceed onward until the driver, 
coming to the first artow, cries out "«top," when the same 
process is repeated. The leader having a second time 
returned the cry of " doton/^ the driver picks up the arrow, 
carrying it in his left hand, taking care, as long as he has 
tn^'o or more flags to cover before him, to direct the leader; 
when the leader, however, has past all but the last flag, 
the proper position of the arrows depends upon himself, 
which he must carefully do, by covering the backward flags. 

When the leader has put down the ten pins, he calls out 
** taUf/i^ and the driver, dropping his end of the chain, 
comes up to the place, picks up the last arrow put down, 
counts over the whole of the arrows, and, putting his foot 
to the mark, returns them again to the leader, who finding 
they are the right number (10), proceeds with the chaining 
as before ; the second " tally ^^ is then called ; then the third; 
each cry to prevent mistakes, being repeated by the driver. 
The surveyor should also enter each tally in his book. 

In this manner they continue, till the whole line is 
meosured. Should it not be a complete c\\aiiv Vo xXi^ ^\A^ 
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and no offsets required to be taken^ it is usual for the leader 
to put bis end of the chain down to the mark^ and for the 
driver to read oflF the distance ; but if there are offsets, 
then the driver had better put his end down^ and the leader 
pull up, as the position of the offsets is measured from the 
driver's end. 



CHAP. IL 

THE OFFSET STAFF. 

{For the Chain.) 

Is a narrow slip of deal about 1 J inch wide by 1 inch thick, 
and generally 10 links long, divided into links; it should 
be furnished af, one end with a small notch or hook, to put 
the chain through the hedges, and be numbered on both 
sides, from different ends. It is used for the purpose of 
measuring short distances, called offsets^ from the line to the 
hedges, &c 

As these offsets must be measured at right-angles to the 
chain, the surveyor should stand on the opposite side of the 

' chain to the hedge^ or object to be measured to, and walking 
along the chain, looking at either end, mark where a per* 

pendicular from the given object would fall upon the chain. 
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CHAP. IIL 

ON THE CEOSS STAFF. 

The cross staff is about 5 feet six inches high, pointed, and 
strongly shod, to drive into the ground, having at the top 
a circular piece of hard wood, so fixed as to be taken on 
and off. 

The wood head is divided into four divisions, by grooves, 
at right angles, cut about half an inch down into the wood, 
which is about 2 or 2^ inches thick. This head is some- 
times made with a spring, to move up and down the pole 
of the staff, and to remain firm at any height 

It is always necessary to test the accuracy of these 
grooves, which can be done in the following way : — 

Let A6CD be a cross staff; and ? 
AD, BC, its sights, or grooves; I 
place a flag, a, in the direction of 
the groove AD, and another at 5, in 
that of BC ; half reverse the cross, 
so that DA point to 6, and CB to a. '^^^^ '^ 

Then, if the flags are still in the 
direction of the grooves, the instrument is correct 

The principal use of the cross staff is in the measure- 
ment, by perpendiculars, of straight-sided fields ; in the 
setting off of short perpendiculars firom a base line ; and in 
the laying out of streets and building lots. '* 

It is useful where no great accuracy is required, when, 
in the computation of the areas, it ia not. xec^mX.^ V^ Xs^^ 

D 
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into account the irregularities of the hedges, as, in surveying 
a fieldy it saves the necessity of measuring the whole way 
round, and makes a diagonal, with two perpendiculars 
from each of the opposite comers, all the admeasurements 
required. 

This instrument was much more in use formerly than it 
is now, though country surveyors still have recourse to it, 
when they are employed in measuring farm crops, && 



CHAR IV. 

THE FIELD BOOK. 

The field book should be of a convenient siz6 for the 
pocket, having the left page ruled with a central column, 
and the right page left blank for remarks. The central 
column should be headed ** CAairw," on either side " Off^ 
aetSy'' and the right page ^^ Eemarka,^^ 

The central column is intended for all actual lines 
measured, and, by commencing ^rom tiie bottom ofthepagef 
the page becomes a smaller representation of the reality 
with the line measured /rom you, and the offsets, a^ their 
respective distances on that line, taken at so many links to 
the right or to the left, as are actually on the ground. In 
keeping the field book, it should always be remembered, 
that the central column is virtually but one line, repre- 
seatiDg the chain, the space within the column being merely 
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required for the seyeral distances on the chmi, whence 
the offiets are taken ; and, secondly ^ that all ofisets, are read 
either way, oatward from the central column, in the same 
way as they are measured outwards yVom the chain. 

To preserve uniformity, as it is more natural to measure 
from left to right, the place measured fromy is put on the 
left of the central column, at the bottom of the line, and the 
station measured to, is put at the top, on the right; the 
points of commencement and termination of the line can 
thus be immediately seen. 

The pages should also be numbered, for facility of 
reference, before beginning. 

If the direction of the line is determined by an angle 
taken by the theodolite, or the bearing of the line be given 
by the cireumferentor, the angle of the former or the 
bearing of the latter is placed in the central column, imme- 
diately above the starting point. 

When the line crosses a road, or hedge, &c, make corres- 
ponding lines in the field book, as in Field No. 2, Plate 1, 
line 731 (page 48), at the distances 685, 695, and 731; 
which on reference to the plan will be easily understood. 

In taking ** oflFsets" to comers of fences, houses, &c., 
mark the relative position of the comer, as to the chain 
line (see 6*79 on line 6'90 — ^page 47 — ^and 0*10 on 7*31) in 
the example of "chain surveying," Field No. 2 (page 48), 
and generally be careful to make the field book, as much as 
possible, a fao'simile of the ground itself, with every post, 
hedge, house, &c;, placed on the book, as to the central 
column, considered always as a line, in the same position ^ 
as they stand to the chain on the ground. 

Stations are generally expressed' in l\ie &e\dL\io^\r3 ^^ 
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following character As which, in the plan, is represented 
by a circle in pencil, drawn round the station painty which 
should be always that of a needle. 

In Chain Surveying, the base line, perhaps, had better, 
when referred to, be termed the base line AB, in contra*- 
distinction to the secondary lines, which are required in 
surveys of some extent, and are virtually base lines to their 
own portions of surveys, and may be lettered CD, EF, 
&c., &C. 

But in all other cases, distinguish the lines by their 
lengths, and the points upon them, by the distance of those 
points from the zero end of the lines ; — ^thus, in the example 
of the method of keeping the field book for chain surveying, 
Field 1, Plate 1, page 42, ''from 57 4t on 635, to 34 onASS,'" 
the line begins at 574 on 635, and runs to 34 on 485 — that 
is, the measured line is a line, connecting the point (574 
on the line 635, measured from the beginning of the line) 
with the point (34 on the line 485). 

And, again, at Field No. 2, page 47, ''j/rom 685 on 731 
to 574 on 635," the point started from, is that point 
upon the line 731, which is 6 chains 85 links firom the 
beginning of the line, and its termination, a point $74 on 
another line 635. 

In theodolite surveying, it is better perhaps to use letters, 
as the stations are but few, and mostly come vdthin the 
exceptions above referred to, being generally base lines to 
smaller portions of survey. 

It is usual to take the bearing of the base line at the 
commencement of the survey, and enter it at once in the 
field book; the meridian line can then be put upon the 
estate. 
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THE BOUNDABIES OF PEOPERTY. 

The brow of the ditch^ or that edge of the ditch which 
is furthest from the hedge, is the usual boundary of the 
field. This, however, is not always the case. 

The common allowance from the quick root, for the brow 
of the ditch, varies, in different places, being 5 links, 8, 
and sometimes as many as 10 links. 

When a stream runs between two properties, the centre 
divides them. This is the case with a parish ditch, which 
is generally the water way from the hills. 



CHAP. V. 



SURVEY OF A FIELD OF THREE SIDES. 

Let ABC be a triangular field to be surveyed — the first 
thing to be ascertained, is, whether a plan is required, or 
whether the area alone is sufficient. 

If only the area^ observe whether the sides AB and BC are 
sufficiently straight 
and regular to war- 
rant any point 6 to be 
taken, firom which 
straight UneS) drawn 
to A and C, would 
approximate suffici- ^ 
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ently with the area of the given triangle ABC. If t 
are^ arrange the field book in the following manner: 



FIELD BOOK. 




OFFSET. 


CHAIN. 


OFFSET. 


perp. 
from 250 on 560 


3.15 


to 6. 


from A A 


5-60 
2-50 


toC. 

* 



NOTES. 

Having carefully selected the point by it will only be 
quisite, in measuring along AC^ to observe where a ri 
angle from (b) would fall upon AC^ note in the field b 
250 ; leave a mark in the ground, and continue the measi 
ment to C=i5*60. Draw a line in your book, and meas 
fi:om2-50 to 6z=3'15; then i (3-15)-(5-60)=8-82 sqi 
chains=area of triangle ABC. 

1/ a plan be required, or the hedges AB and BC b< 
irregular as to require ofisets being taken, it will be re* 
site, for the sake of the of sets ahney to measure round 
whole field along the three sides. Let the field now assi 
the form in the accompanying diagram : — 




select any points A» B, C> commanding the longest 
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nearest Udcs to the seyeral hedges 
flags at those points A, B, and C. 



FIELD NOTES. 



From 5-70 on 12-73 


4-25 


to 8-50 on 9-27 




6-80 


+ D (to on 12-73) 




5-26 


8 being A A 




3-20 


4 


From 8-50 on 9-27 






ditch— 


9.27 


— crosses 4 + ^^ 


A 


8-50 


3 




3-20 


3 


1-20 


14 




0-00 


+ D 


From 12-73 on 12-73 






D— 


12-73 


hO + DtoAC 




10-18 


44.D 




6-15 


6 


A 


5-70 


4 




4-82 


15 




1-60 


5 




•56 


44.D 


From A A 


•00 


+ D 



First observe, whether the point A be exactly at the ditch ; 
if it is, pat in the centre line 0, and in the right hand ofiset 
line ; proceed till you come opposite 56 links, the first 
comer or bend D ; take the ofiset (4) to D ; this line, con- 
nected with A, gives the actual position of the ditch. 
Proceed along the line AC, marking down the several 
lengths as above, with their respective ofisets, and selecting 
some point S, 5*70, to be noted as a station, whence to 
measure afterwards, a check to the point B ; note it A (a 
station) in the left hand column, as the check-line will be to 
the left. Having completed the measuxem^xil q{ \.Vk& \xsl^ j 
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put where to in the right otbet colamn at the top, and draw 
one line over the whole ; all loose lines, that is, lines not 
connecting certain points, have one line only drawn over 
them : fixed lines have two* To measure next from C to 6, 
write from 12*73 on 12'73 on the left o&et column in your 
field book, and observe, as before, what the position of the 
ditch is ; it will, of course, be 0, as before, as the station 
was at the end of the previous line, and the line was 
measured up to the edge of the ditch, which is denoted by 
the ditch crossing, — thus; ditch — (12 "73)— X 

next mark BA the direction you are going A B 

in — whether to the right or to the left, CB 1 

being the direction you have just come: BA 
the way you turn (to the left): proceed, therefore^ measuring 
along CB, and marking the offsets, till you come to B, 
which enter in your field book 8*50 Aj proceed with the 
measurement to the hedge, making 9*27 ; put down in your 
centre column 9*27, o£^t 4 to the right, and draw a line, 
thus : — 

hedge (9*27) x «.«• hedge crosses. 

From B measure to A, and as B is 8 50, write in the book, 
in the left hand column, from "8*50 on line 9*27,** and 
proceed as before to A, which is a point 0, or zero, on line 
12*73 : mark this on the right hand column: and, as this 
completes the triangle, draw two lines above it instead of 
one. This line is 6*80 chains. 

Then, from point 5*70 on line 12*73, measure careftdly 
the check^ine to B, being 8*50 on 9*27, and draw two lines 
over it in the field book, writing cAecA; line across it 

Now to plot the above, draw any line AC equal to 12.73 
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marking upon it the station S (5*70 chains) ; from the end 
of this line 12*73 chains, at the distance of 8*50 chains, 
describe an arc, and from the 'beginning of 12*73 chains, 
with the distance 6*80 chains, describe another arc ; their 
point of intersection B will be the vertex of the triangle 
ABC; join B to S; BS should measure 4*25 chains. 
Upon AC, AB, ahd BC, lay off the requisite o£&ets, and 
the field is plotted 



To Measure a Four-sided Field. 

This must, in all cases, be divided into two triangles. 
If the boundaries are irregular, each hedge will require a 
subsidiary line, that is, a line running along the side of it, 
for the sake of the ofi&ets. A diagonal line must then be 
drawn from the two opposite comers that are most remote 
from each other, and check lines taken upon it, as in the 
last case. 

If the boundaries are regular, the diagonal line alone 
need be measured, together with the lengths of the perpen- 
diculars from it to each of the other comers. 



Example 1. 

The following field notes, accompanied with a plan (being 
Field No. 1, in Plate No. 1) of a four-sided field, near 
Maiden Lane, surveyed in the above manner, are given as 
an example of the method of keeping the notes in the field, 
and of plotting the work at home. Jl 
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The student should be required to plot every one of the 
examples of field notes him»elfy fas practice, and compare 
them with the plans given. ' 



^ Begin at page 43. 


FTET.T) No. 1, Plate 1. 


From 230 on 873 


3-67 


to 480 on 485 


check line. 






From 490 on 873 


4-71 


to 574 on 635 


check Hdb. 








8-73 


to 719 on 724 




4-90 


A 


A 


2-30 


. 


From 34 on 485 








716 


to 34 on 485 


10+24 


7;00 




10+19 


5-00 




to gate post 22 


3-92 




10+11 


3-00 




10+ 7 


1-00 




to top 






of bank 10+ 8 


0-00 




From 574 on 635 






Maiden •< p 


635 
597 


~~' > Lane 
— X j 


top of bank — 


587 


— X 




5-74 


A 


4 


500 




2 


300 




D+5 


100 




to 2nd gate post 12 


0-08 




From 719 on 724 




t 







,?'<' 






>i3 
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Commencing on top of bank by the road side, at the 
soutb-east comer of tne field. 



b 



On Plotting^ Scaling^ 8^c 

Before commencing to plot, it is always requisite to con« 
fiider carefully the shape of the plan to be plotted, its 
^ and character, and the most desirable position to 
place it upon the paper, so as to admit of the best vacant 
^pace for the insertion of the heading or title, with the usual 
deification, that should accompany it. It has generally 
Wn considered indispensable to place the plan, so as to 
We the north side of it on the top of the paper fironting 
you; but, I should recommend^ the position oi iScl<& th^tv^^kol 
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line to be made but a secondary consideration, and in every 
case to depend upon the size and shape of the plan ; where 
the two can be united it is better, of course, to do so ; 
though I certainly cannot deem it a matter of so much 
moment as it b often made. 

Having made the scale, lay doWn your base line very 
accurately, and draw it carefully in with lake, marking the 
various stations upon it and its total length. Then take, 
with the compasses, the various lengths of the sides of the 
several triangles, of which the survey is composed, and lay 
off the different points of intersection, testing rigorously, as 
you proceed, the constructed, with the measured lengths of 
the respective check-lines. 

Do all this before an ofiset is put in, imless the ofiset be 
afterwards used as the point of a more convenient base line 
for another triangle. 

When this part of the plotting is found correct, draw the 
lines in very fisantly with lake. 

In marking off the several distances on the base line, use 
one of the long scales, and, placing it close agunst the given 
line, prick off, with a fine needle, the proper distances, and 
round the points, as centres, draw a small circle, but on no 
account use any black lead pencil, however finely sharpened, 
in any of these stations. Do this also, in determining the 
point of inclination of the sides of the triangle. 

Having finished these subsidiary lines, as they may with 
propriety be termed^ proceed to the laying off the ofibet 
points. 

The best method of doing this, is to place the long scale, 
above referred to, dose against the given line, having the 
lero points of each coinciding, and get another person to 
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ead off the several distances thereon, whence ofisets are 
aken, first going through the right ofisets, then the left. 
The ofiset scale is now necessary. This is placed against 
lie long scale,* and the lengths on the measured line are 
letermined by the long line, while the distance of any 
point, or o£^t therefrom, is determined by the ofiset scale ; 
this latter point is alone marked. Practice and care will 
ensure considerable rapidity, as well as accuracy, in this 
plan. 

When the scale is 2 or 4 chains to the inch, any ofiset 
less than 10 links, must be guessed at. 

Plotting of the Notes to Fields No. 1. 

First lay off the measured lines independently of the ofisets. 

Draw any line AB indefinitely in pencil, as your base line, 
so placed as to throw the plan into a favourable position on 
the paper. Now, for the length of this line, by looking at 
the field notes you will find that the whole line is 4*85 ; 
but there is a A at 34, and another at 480. Upon the 
assumed line AB measure these As. 0*34 and 4*80, marking 
in pencil their distances against them. 

On turning to the field notes, it will be found that the 
next line runs /rom 480 on 485, to the right It is 724 long; 
but the station is at 7*19; draw any line, making the sup- 
posed angle with AB, and mark 7*19 against it. 

The third line begins at 719 on the last line, and turns to 
the right, and though continued to 635, across Maiden Lane, 
has its station point at 5*74 ; mark this line also in its sup- 
posed position. 

The fourth line does not say to the right or to the left, 

* Leaden weights should be placed on ^e\oi[i!g t»i»\ft. 
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because it runs from a station 574 on 635 — ^the end of the 
line to a previous station, viz., 34 on 485, which was the 
starting point; this line is 716 long; mark this distance 
against it. Thus far these are all loose lines, and might lie 
in any position. 

The next measured line, however, ties them in, it begins 
at 34 on 485 (the base line), and runs to another previous 
station, 719 on 724 ; its total length is 873, and there are 
two stations upon it, 230 and 490; draw, this line in its 
proper position, and mark off the stations, 230 and 490. 

The next two lines are check-lines, the one (471) runs 
from 490 to 574 on 635 ; the other (3-67) from 230, to 480 
on 485 ; mark these also. 

Having placed these several lines roughly with their given 
lengths, in their supposed position, proceed to plot them off 
correctly by triangles, marking in every case, on the plan, 
the direction the line was measured in on the ground (see 
plate 1). AB, of course, is the base of the whole. Upon 
AB lay off a triangle, whose other two sides are 7*19 and 
8*73 ; that is, from 0*34 as centre at the distance 8*73 chains 
describe an arc, and from 4*80 as centre, at the distance of 
7*19 chains describe another arc intersecting the former; 
complete the triangle and mark upon 8*73 the stations 2*30 
and 4*90. Then, to verify the correctness of the work thus 
far, measure the distance of the station 2*30 from the point 
B ; this, if the work be correct, should be 3*67, the length 
of the check line. 

Next, upon the line 873, lay off another triangle, whose 
sides are 574 and 7*16 ;: the distance of the previous station 
490, from the vertex of this triangle, should, if the work be 
lights be found 4*71. The whole field is now plotted. 
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Example 2. 

Method of Surveying and Plotting Tioo Fields Together. 

The field in the previous example hJaving been already 
surveyed, the adjoinmg field was added to it, which is to be 
plotted firom the accompanying field notes. 



FIELD No. 2, Plate L 



fi-om 500 ou 868 
check line 


5-35 


to 685 on 731 


from 574 on 635 


8-68 
500 


to 609 on 609 
A 




690 


to 574 on 635 (Field 1) 




— D — 


6-79 


— X 


10 + 1 
10 + 4 
10 + 2 


600 
400 
100 




to top of bank 10 


0-50 


OtoD 


from ( 


{85 on 731 







4 
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Maiden •< 

(d- 

top of bank — 
10 + 20 
10 + 36 

D 

— 10 + 70 
< 90 

from 609 on 609 



D 



15 



6+4 



D+ 4 
D+ 16 
D+ 27 
to gate post 40 
D+ 30 
35 

+ 21 



pond 

+ 20 
from 719 on 724 




produced. 



# HaTing the previous notes of Field No. 1, the following notes were 
taken for the survey of the adjoining Field No. 2. 



Plotting of the Notes to Field No. 2. 

The first line measured is 609, it begins at 7*19 on 7*24 
which is produced to obtain this distance. Produce the line 
7*19 therefore to 609 further, which is a station — then, 
turning to the right, agreeably to the field book, mark off 
the distance 685, which is the station point in the next line 
731 : from this point 685, the distance to a known comer 
in the first field (being 574 on 635), is 690. 
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Now, 574 on 635 is a known fixed point, and because 
the line 7*1 9 of the last survey, is a fixed line, its production 
is also fixed, and the end 609 is a fixed point ; the line 
joining 5*74 on 635, and this point, is, therefore, also a fixed 
line. Measure thb diagonal line by the scale, and see if its 
length is 8*68 as it was made in the field, if it is, the whole 
of the work thus far is right; then its distance, determined 
in position by joining two fixed points, is checked by its 
measured distance. Upon this base, therefore, describe 
a triangle, whose other two sides are 685 and 690, and their 
intersection is also a fixed point 

Again, by taking the distance 500, upon the diagonal 
8*68, and measuring the check line 535, this line, measured 
from a point in a fixed line, to the intersection of the two 
other lines, becomes a check upon this triangle. 

Having found the plotted check-lines agree with the 
measured distances, (which shews, that both field and ofiice 
work are correct,) draw in these chained lines carefiiUy, in 
red ink, and proceed to lay oif the ofisets. 

To lay off the Offsets. 

A little attention to this subject will be found usefiil to 
the student afterwards. 

Take the first Field. 

The ofiets on the line AB, are all to the left ; mark off, 
therefore, the several offsets in their proper places, observing 

D -I- 

in the second ofi&et, that (10 + 10) is ten links up to the 
hedge, which, with the ditch, is ten links wide. Mem : 
Whenever these ofisets are referred to in pairs they must 
invariably be read if they are left hand ofi&ets, from right 
to left;, and vice versa. They are placed here e;xfiycX\.^ «&\^^^ i 

£ * 



50 

stand in the notes. This detennines tbe position of the 

D 

hedge to be teithm the field; without the 10^ or had it 
been (d+ 10), the hedge wonld be beyond the boundary of 
the field. At 4-85, the cross ditdi of the fidkl intersects 
the line. 

In the next line the offiets aie still to the left, and are 
marked (d+S), showing that, in this case, the hedge u 
without the field. At 7*19, there is an ofiset of 8, to where 
the edge of the side ditch intersects the side of a pond; at 
7*24 the cross ditch of the field intersects the line as 
before. The width of the pond 40 links, and its length 40 
links^ are marked. 

In the next line, the ofl^ts are still to the left, and the 
(d+5) shows, that the hedge, in this case is beycnid tbe 
field. As this line, if produced, will cross Maiden Lane, it 
is produced across for the purpose of detenmning its width 
and position. In every case, in addition to the mere 
measurement of the field, it is advisable to annex such 
collateral localities as roads, tumpikesf, ponds» &c., as may 
determine the relative position of the field. At 0*08 there 
is an ofiset of 8 links (on the left) to the second gate post 
In the following line 716, where the offsets "are still to the 
left " at 392, there is an ofiset of 22 to ^'gate post " only. 
Observe — that it is usual to take to the first gate post, and 
allowing the average width of gate to be 15 or 16 links, or 
about 10 feet, to determine the position of the gate by tbe 
direction of the line. It is difficult to fix the position 
without some fixed rule, such as the above, of always taking 
the first point of the gate, as you come to it, on the line, 
whence the ofiset is taken. 
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The first ofbet od the Ime 716 is (10+8), always on the 
left. This 8 is up to the bank boimdmg the kne, and 10 
is the distance to its topu This 10 is repeated throughout^ 
the average width having been taken. The other three 
lines have no offset to them. 

Ofiets of Second Field. 

The first line is 609, and the first ofiset Is at *12 (still on 
the lett\ being (pond + 20), or, 20 up to the edge of the 
pond: the second ofl^t at *32, is (35+21), that is, 21 up 
to the pond, +35 across the pond, which, by the accom- 
panying diagram, ends there ; the distance *32 being taken, 
in order to shew that there was the end of the pond. 

The next o£&et is at 40 (d + 30), that is, 30 up to where 
the ditch of the field goes into the pond ; at 50 there is an 
ofiet of 40 to first gate post ; at 1*00 the ofiset is (d+27), 
that is, 27 to the brow of the ditch, which being beyond 
the boundary of the field, the width of that and the hedge 
is not required ; the other ofisets are regular to the distance 

D 

5*82, which has an oSset of (6+4), that is, 4 up to the 
hedge, and 6 through the hedge, which is now within the 
field, to the brow of the ditch ; the previous ofiset was 
(d + 4), that is, 4 to the brow of the ditch (the hedge 
being then beyond the field), the ditch therefore changes at 



this point, denoted in the diagram by 



There is here also a 



cross hedge ; on the left, which the diagram 



shows too. 



J 
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In the next line, at *10, there is an ofl^t, taken to the 
corner of the field, *90 links ; and the relative podtioi^ of 
the sides, to the ofiset line, is expressed by the diagram in 
the notes, which should be in every case, as much as 
possible, a gound plan of the locality. 

In line 690, at 50 links, the line touches the ditch, 
havingO oflset to it, the other oflfeets to* this Ime are aU 
regular. 

To the two following lines, being check lines, there are 
no ofisets. 

COMPUTATION OF AREAS. 

Divide the field into triangles, and find the area of each 
separately, by measuring the bases and perpendiculars off 
a scale of equal parts, and proceed according to the rules 
given in the chapter on mensuration (Fbob. 1 & 7.) 

Let, for example, the field ABCD be a trapezium, and 
let it be straight-sided, the area will 

be equal to ^^ + ^^ X AC. 




I> 

Now let the sides be irregular and take the diagram for a 

triangular field as an example (page 38), then AC multiplied 

by half the perpendicular let fall upon it firom B, will give the 

area within the triangle ABC (which will be found to be 

A. R. p. 

2. 2. 27.), but the space included between that figure and 
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the irregular hedge, has still to be added to complete the 
area of the field. 

Now to obtain this space, which is made up of as many 
trapeziums as are included within the several ofisets taken 
upon the line as perpendiculars, find the areas of these 
trapeziums, by rule (page 26) in mensuration and add theii 
sum to the area of the large triangle for the area of the 
whole field. 

It will therefore stand thus : — 





A. 


B. 


t. 


Triangle 


. 2. 


2. 


27. 


Trapezium on line AC . 


. 0. 


0. 


12. 


>» » "^ • 


. 0. 


0. 


7. 


» j> "A • 


. 0. 


0. 

• 


24. 


Answer Acres 2. 


3. 


30 



Example 2. Take for practice, the field notes of the 
fields Nos. 1 and 2, Plate No. 1, at pages (42 and 47), and 
calculate the areas, checking them by the second method. 

When the ofi&ets are taken at every chain's length, or at 
any equal distance, the whole area is equal to the sum of 
the ofisets multiplied into the common distance between 
them, that is. 



"--4« 



^^J 



..^ i 





h ^ d e £ 

the area of ACB :=d(bg-\-ch + dl + em +/n). 

Example 1. Let d=:one chain, and b^^ c\V) &c^) 
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tively 10^ 15^ 175 1^> 9 links, what will be the area <^ the 

figure. A. R. F. 

Answer 0. 10. 

Example 2. Given the several o&ets 15, 25, 40, 10, 60, 

30, 25, 8, 18, 9, 8, 4, 6, 0, taken at one chain's distance. 

Required the area. a. b. p. 

Answer 0. 1. 0. 



THE SECOND METHOD. 

A common method in practice, in computing the areas 
of irregular-sided fields, is to have a piece of transparent 
horn — and by giving and taking^ as it is termed — to draw a 
straight-sided polygon, equal to the given irr^ular one, 
and to divide this into triangles, then, by means of the com- 
passes and scales, to measure the lengths of the new linea, 
and firom these lengths, and the perpendiculars also mea- 
sured off the scales^- to calculate the area. This is the 
common method among the profession, and in good hands 
tolerably correct. I should, however, recommend young 
beginners to calculate their ureas at first by both methods. 

Thus, — ^Let ABODE be the irregular outline of a hedge 
or ditch ; by placing along it a straight-sided piece of trans- 
parent horn, the position of the line KL can be determined, 
such that the area KLGF shall be equal to the area of 
ABCDEGF; by making the pieces taken in at A and C, 
equivalent to the pieces given up at B and D. 
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The following examples of Held notes and plans are 
added for practice. The student had better plot them by 
the notes and compare them with the plans, and then 
calculate their areas. 



EXAMPLES OF FIELD NOTES FOR 

PRACTICE. 

ALL PLOTTED TO A SCALE OP SIX CHAINS TO THE INCH. 

1 - 2 






Note. — ^The student will remember that these are bat Wood-blocks. 



DIAGEAM No. 1. 



D 



From 846 on 900 



6-55 
6-50 
6-05 
4*40 
2-90 
2-00 
1-00 




on Base Line 




56 



D- 



D- 



D- 



20+15 
20^ + 35 
20^ + 30 



From Aon AB 



9K)0 
8-80 
8-46 
7-95 
7-00 
6-24 
5-50 
4*40 
3-60 
3-00 
2-50 
2-20 
2-00 
1-50 
0-50 



57 

X- 

A 46 
X 



30 + D 
34 + D 
23 
12 
8 
12 
37 + D 



D- 



1 



From 7*94 on 820 




34 / 

— X 12 + 20^ 
to A on Base Line 

2+20" 
17+20" 

3+20" 
28+20" 
69+20" 
43+20" 



D- 



From 956 on 1020 




D + 22 
D 



D + 50 
From A A on AB 



10-20 

10-00 

9-56 



BA 



X 
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DIAGRAM No. 2. 





5-67 


to 10-12 on 10-16 


Check Tiine \ D— 


5-55 


• 


5-45 


X 


From 8-44 on AB 






1 


5-70 


to 10-10 on 10-10 




\ ' 


5-50 




Check Tiine 


5-48 


X 

• 


From 4-25 on AB 

• 








7-20 


18 


■n 


7-10 
7-00 


X 

to B on AB 






6-00 


22 




5-20 


40 




4-50 


55 




3-50 


90 




2-70 


94 


1 


1-70 


55 


From 10-12 on 10-16 


1-30 


50 + D 

• 


A D + 14 


10-16 




/ A 


10-12 




/ 26 


9-50 




17 


8-50 




23 


8-00 




62 


7-20 




76 


6-85 




99 


6-10 




, — 50 


4-00 




I 42 


3-50 




56 


2-50 




D + 50 


1-60 




From J 


ion AB 







58 
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A 



to comer 8 
30 
77 
100 
90 
D4-60 
D+54 
D+30 
From lO'lO on 10-10 




to A on Base Line 





10-10 j 


to comer 23 


10-00 


35 


7-75 


17 


6-50 


36 


4-80 


D + 17 


3-50 


D + 25 


2-30 


D + 10 


1-00 


D 


0-55 



From B on Base Line | 



to comer 8 
D 



Comer- 



From A on Base Line 



12-82 
12-75 
12-55 

8-44 
4-25 
0-08 



toB 
A 



of Ditch 
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DIAGRAM No. 3. 



D- 




9-94 




X 






9-85 


20 + D ^ 






9-57 


• 


toB 






9-35 


15 








7-50 


34 








710 


30 








6-50 


5 








5-50 


15 








5-00 


30 








2-85 


56 + D 


D- 




1-72 




X 


— D + 25 


1-00 




, 


Prom 7-00 on 


7-00 












7-00 


'A 




D + 99 


6-90 








60 


6-00 








20 


5-00 






D- 




4-70 
4-25 
3-50 
3-00 
2-50 
1-40 


25 

20 

10 

5 

12 


X 


_ 




1-00 


25 








0-72 


30 




From A on 


AB 


0-00 


35 + D 



i 



CO 





6-72 


to 4-12 on 13-30 




6-60 


65 




6O0 


35 


— » 


5-50 


20 


' 


2-35 


70 


From 8-45 on 8*50 


OOO 


17 + D 


D 


8-50 


X 




8-45 


A 




800 


20 + D 




7-65 


30 




7-06 


30 




6-50 


22 




5-50 


24 




510 


35 




4-00 


77 


^g^^^ 


2-50 


66 




110 


55 


From 12-95 on 13-30 


020 


544-D 


D 


13-30 


X 


D+ 55 


1318 




+ 70 


12-95 


toB 


A 


412 




40 


3fi0 




35 


3-20 




D + 40 


200 




D + 54 


112 




D + 20 — 


100 


X 



From A on Base Line 
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DIAGBAM No. 4. 





6-80 


A to 075 on 11-63 




500 


15 + D 




4-50 


10 




306 


15 




1-80 


50 + D 


1 


1-30 


55 + D 


From 8-55 on 8-60 


0-50 


50 + I> 


D^ 


8-60 


— X 




8-55 


A 




8-44 


30 + D 




7-50 


40 


. 


5-50 


1-20 




3-25 


30 




2-00 


43 


From 11 -30 on 11-63 

• 


0-50 


30 + D 








11-63 


13 / 

— y.^ 




D 


11-50 






11-30 


toB 




9-00 


15 




8-30 


25 




7-20 


22 




6-30 


77 




5-00 


84 




3-80 


85 




2-60 


30 + D 




1-66 


3 + D 


A 


0-75 


• 


D 


0-00 


— 17 + D 


From A on Base Tiine 









I 
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DIAGEAM No. 5. 



From 4-73 on 10-78 



3-72 to 6-66 on 7-20 



D- 



From 666 on 7-20 



3-60 
3-36 

3-08 
0-00 



30 to comer 

X 

to A or 0*00 on base line 
27 4-D 



D- 



From 5-50 on 5-80 



7-20 
6-84 
6-66 
4-50 
2-00 
1-00 



X 

22+.D 

20+D 
36 
26 
23+D 




D- 



From 10-47 on 10-78 



5-80 
5-50 
2-30 
0-20 



+ 
A 



30 
75 
22 4-D 



D. 



From A on Base Line 



10-78 
10-64 
10-47 
7-10 
5-60 
4-73 
3-60 
1-20 
0-00 



45 to corner 

X — 

to B 40 + D 

14 + D 

12 + I> 

24 

40 

33 

23 4- D 
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DIAGRAM No. 6. 



From 1-43 on 4-15 


202 


to 2-67 on 3-28 


A 
From 5-50 on 10-34 


415 
1-43 


to 6-90 on 7-20 



D- 



From 2-67 on 3*28 



3-94 

3-90 i 

3-60 

3-46 

2-50 

1-00 



28+D 



X 



ji 



32+D 

to B on AB 

15 

16 + D 



D- 



From 6-90 on 



7-20 




X 

A40 
34+D 



T)_ 


7-20 
6-90 


A 




6-00 




4-50 


— 


2-60 




1-70 


From A on AB 


0-00 



50+D 

42 

10 

20 

10 

25+D 



Check Line 
From 1-48 on 10*34 




to 8-65 on 8-95 



D- 



From 8-65 on 8-95 



2-25 
2-22 
1-96 
1-60 
1-00 



y\ 



25 to comer 

X 

to A on Base Line 

22 

254-D 



< 



64 



D- . 


8-95 
8-74 


X 

32 + D\ 




A 


8-65 


^ ] 




5-80 


12 




3-00 


34 


^— T 


1-50 


17 


1-00 


24 


Fran 9-83 on 10-34 


OKK) 


40 + D 



7[ 



D- 



From Acm Base line 




24 to corner 

X 

toB 

A 
A 



8 





DIAGRAM No. 7. 





3-48 


28 y 




D 


3-40 


X / 




■ 


3-25 


to B on AB 





300 


30 




1-50 


50 


From 455 on 472 


0-35 


55 + D 


D 


4-72 


— X "n 




4-55 


A 






4-10 


40 + D 






— 


2-80 


56 






1-30 


45 


From 3-80 


> on 3-80 


0-55 


27 +D 

• 
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3-80 


to 5*74 on AB 






3-76 


63 + D 




n 


300 


40 




2-00 


30 




From 306 on 323 


100 


354-D 




D 


3-23 


X , 






306 


^ \ 






300 


32 +D ^ 






1 " 
1 


1-35 


10 






1 
i 


0-80 


20 


• 


From A on AB 


000 


24 + D 






6-40 


to 3-57 on 6*80 






5-60 


25 + I> 






4-60 


40 






3-50 


87 




Check Line 


2-75 


99 






0-80 


50 






0-30 


25 




From 1164 on 1200 


(JOO 


17 + I> 










D 


4-80 


X .r 






4-60 


Aon AB 






3-60 


20 




— 


300 


17 




200 


25 




From 660 on 680 


100 


30+ D 




D 


6-80 


X 






6-76 


12+D X 
A 




A 


6-60 






6-00 


36 






5-50 


43 




— 


5-00 


40 






415 


30 + D 




From 8-50 on 1200 


3-57 


A 




D 


12-00 


X 






11-64 


to B on AB 




A 


8-50 






From A on AB 


5-74 


A 







i 



66 
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DIAGRAM No. 8. 



1 

From 450 on 494 




to8-64onAB; 90 + D 

45 

17 

75 

80 

16 + D 



D- 



From A on AB 



4-94 
4-86 
4-50 
310 
1-85 
0-5 



18 



A5 

15 

28 

10 + D 





2-76 


to 5-87 on 6-90 




2-30 


35 


From 234 on 255 


1-50 


30 


D 


2-55 
2-34 


A "" - 






1-30 


23 




From 230 on 690 


0-42 


40 + D 



D- 



From 652 on 690 




17 to comer 

X 

to A on Base Line 

34 

45 

40 + D 



D- 



26 + D 



From 1052 on 1085 



D- 



From A on Base Line 



10-85 

10-52 

9-00 

8-64 



X 20 + D 



toB 
68 + D 

A 
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DIAGRAM No. 9. 



Check Line 


2-75 


to 1-10 on 5-50 


From 6-40 1 






Check Line 

1 


5-33 


to 978 on 10-20 


Prom 2-20 on AB 







D- 



From 670 on 670 




to B on AB 

42 

22 

94 

20 + I> 
X 



27 

60 



D- 






30 



I 



From A on AB 




33 + r> 

X 



X 



From 2-30 on 2*52 



2-00 
1-90 
1-00 



to 8-52 on 10-20 

30 

23 + D 



68 
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D- 




2-52 


X 




- 


— 


2-36 


27 / 






2.30 


A ^^^>X 


From 285 on 


285 


1-00 


36 + D,.^-''^ 








2-85 


to 5-05 on 10-20 






2-50 


35 / 


" 




1-00 


22+ D 


' 


From 335 on 


360 








D- 




3-60 


X 








3-56 


22 






3-35 


^ \ 
38 \ 


• 




3-00 






2-20 


35 




1 




1-60 


20 




From B on base line 


1-00 


15 -hD 




D- 




5-84 


X ,5| 


• 




5-60 


to A on Base Line 






5-00 


72 






4-00 


83 






3-40 


78 






2-50 


80 


"1 




1-60 


90 


From 9-78 on 10-20 


0-70 


20 + D 







D 



From 10-00 on 10-40 





From A 
on Base Line 



10 


10-40 


D 


10-30 




1000 




6-40 


A 

le 


2-20 



toB 
A 
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DIAGRAM No. 10. 



D- 




5-20 


X — , 






4-80 


42 








4-72 


Bon AB 








3-50 


23 




— ^ 




3-20 
2-50 


30 
15 




From 700 on 


730 


0-30 


33 +I> 


D- 




7-30 


X 






7-00 


A 37 






6-00 


47 


— 




500 


68 






2-50 


45 


From A on 


AB 


1-00 


10 4- D 


D- 




3-50 


X 


1 




3-30 


to A on base line 






2-00 


45 


From 595 on 


628 


1-00 


32 + D 





I 

From 2-70 on 5-03 




X ^ 



48 
A 



I 
From 380 on 413 




to 512 on 940 

A 

48 

18 + I> 



D- 






From 904 on 940 



D- 



From A on base line 





A 
22 

15 

26 

20 



XD 



to B on base line 



70 
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DIAGRAM No. 11. 





5-55 


Ki 






5-45 


55 


5-44 



ver 



From 2-72 on 3-65 




From 2-40 on 267' 



R 



r 



52 

60 
58 
40 

36 + R 

to 6-85 on 8-96 

to 2-30 on AB 




to 4-37 on 8-96 

23 + R 

15 

30 + R 



2-67 
2-40 
1-75 
1-25 
1-00 
0-60 



A 

36 + B 
20 

20 ' 

44 



From 1-60 on 8-96 \ 0-20 \ 20 -V ^'^'^^^ 
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D 


7-05 
6-90 


*!(* 


X 

to B on AB 17 






5-80 


35 






4-70 


30 


— 


3-30 


65 




2-10 


27 


From 3-26 on 3'65 


0-50 


22 + D 


D 


3-65 


X 




3-45 


26 




3-26 


A 


A 


2-72 




— 


2-45 


26 




1-00 


14 +D 


From A on AB 







D 


2-00 






1-95 


to A 




1-80 


18 






— 


1-30 


20 


a 






0-90 


10 






From 8-60 on 8*96 


0-50 


12 


^ 




R 


8-96 


-= X 




8-80 


30 + B 




8-60 


A 




8-50 


43 + R 




7-50 


25 + R) 




6-85 


A > discontinued 




6-20 


45 + B3 




5.50 


44 




5-20 


20 




4-85 


+ R 




4-37 


A offsets resumed 




1-60 


A offsets discontinued 


— 


1-35 


5 + K 






0-80 


40 


From 1-80 on 2^50 


0-40 


73 4- R 



i 



72 



FIELD K0TE8. 



E^— 


2-50 


X 




2-20 


io + i> 




1-80 


A 


_ 


1-75 


33 




0-60 


24 + D 


From 9'70 on 9*84 






D 


9-84 


X 




9-70 


toB 


From A on Base Line 


2-30 


A 



DIAGEAM No. 12. 



1 

From 2-48 on 2-65 
D 



From 4-72 on 4-72 



From 4-10 on 6*70 



From A B on AB 



1 



From 2-10 on 2-33 



2-42 
2-03 
1-00 
0-25 



2-65 

2-48 
1-80 
1-50 
1-00 
0-32 



4-72 
0-90 
0-50 



to 0-90 on 4-72 
20 + W 
18 
25 + W 



/ 



A 
70 

70 
52 
25 4- W 



to 3-57 on 9-10 



3-55 



to 2-85 on 6-70 



2-08 
2-00 
0-94 
0-25 



to 2-50 on 6-92 
30 / 

10 / 

30 + W 
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2-33 


^ 




215 


20 






210 


A 






1-00 


20 + W 


From 4-55 on 6*92 






Check Line 


2-76 


to 5-28 on 6-92 




2-47 


25 




2-00 


20 


mm^^" 


1-00 


24+ W 


From 2-16 on AB 


« 






6-92 


to A on Base Line 


W -f-42 A 


5-28 




40 


4-60 




discontinued •< ^ 


4-55 
2-50 




17 


2-23 




W + 20 

~ 1 


1-00 




From 9 


•10 on 9-10 








9-10 


A 


•"I 


W + 25 


8-90 






27 


8-00 




Wood 


45 


6-50 






26 


4-10 


■ 


J 


W +40 


3-70 




A 

1 


3-57 




Frome 


I 70 on 6-70 









J 



74 
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6-70 


A 


A 


410 




W4.24 


3-87 


« 


30 


300 






2-85 


A 


35 


2-00 




W + 20 


1-00 




From 9-40 on 11-25 








11-25 


B on Base Line 


A 


9-40 




— W + 32 


9-23 




30 


9-00 


R 


2 


8-00 




40 


7-00 




37 


6-50 




17 


5-60 




26 


5-00 




30 


4-00 




Wood + 24 


2-20 




A 


2-16 




From A on AB 







The Areas of these Fields are as follow : — 



A. 


B. 


p. 


▲. 


B. 


p. 


A. 


R. 


p. 


No. 1 5 


I 


35 


No. 5 3 


3 


35 


No. 9 ... ... 6 


1 


37 


No. 2 6 


1 


28 


No. 6 3 


1 


24 


No. 10 4 


1 


36 


No. 3 6 


3 


29 


No. 7 4 





26 


No. 11 3 


1 


23 


No. 4 3 


3 


24 


No. 8 4 


2 


20 


No. 12 4 





36 



75 



A few Explanatory Remarks are Annexed, which may be 

useful to the Beginner. 

Diagram. No. 1 — Has merely a common base AB, 
and two triangles. Na 2 has also these, and in addition 
two check lines. No. 3 has the base AB, and a triaogle 
upon it, on the <»ie eide; and a triangle upon a portion 
only of the other. Na 4 is very simple. No. 5 diflFers 
fix)m any of the preceding. In taking the measurements 
in the field, the lines AB, BC, CD, and DA, are measured 
in succession all round, D£ being taken last; this is done 
to save going over the groimd twice, but in plotting it, the 
reverse must be adopted: — ^Draw AB, marking off the 
A E 4*73 chs. upon AE, construct the triangle ADE, AD, 
being 3*08 chs., and DE 3*72 chs.; then the point D 
becomes fixed in relation to B ; fix)m D, as a centre, at the 
distance DC, 6*66 describe an arc, and firom B, at the dis- 
tance BC, 5*50 describe another arc, and fix>m C, their 
point of intersection, join CD, CB. 

No. 6 has a base AB, and a simple triangle upon its left 
side. On the right side, upon AD, a portion of the base, 
construct the triangle ACD, firom C ; at the distance 2*67 
(CE) describe an arc, and fi'om B, at the distance 3*46 
(BE) describe another; join CE and EB : EF 2*62 chs. is 
a check line. 

No. 7 has a base AB, with a triangle upon part of it, on 
one side, and a check line fix)m the triangle to the point B, 
required for taking offsets to the hedge, and having two 
smaller triangles upon the other side of the base line. No. 8 
has a base line AB, with a triangle upon eoyc^i ^\dL<^) «sA 



^j 



amller tzian^ to get ds hedge, npaa die side of ODe of 



Xa 9 fais a base fine AB, hsring a laige triangle opon 
each ade of it, and two flmaHer triai^les based upon one 
of them. Na 10 is neailj similar^ excqA that the second 
triaii^ upon ooe side has one of its sides oommenciiig fix)m 
the pcnnt A, and the other side finom a point in one of the 
sides of the first tziangle. Na 11 is the survey of a field 
bounded by an inegnhur river. The anrangement of this 
is more complicated, and may therefiire require a special 
description ; it is a plan generally and necessarily adopted. 

AB is the base line, upon AB is constructed the triangle 
ABC ; then, fit>m a ^ven point (£) in the side AC, a line 
ED is drawn, running through a given point H in the base 
and prckluced to D ; the line ED running in the centre of 
the bend^ and offiets taken firom it to the river. From A 
and E^ as centres, are described arcs intersecting at L, and 
AL and KL being joined, LK is then produced to S, and 
SB measured as a check line and for the ofisets of the 
adjoining hedge. Upon a portion of KS is constructed a 
small triangle within the bend, so as to be within ofiset 
distance to the river. The following are the lengths of 
these lines as obtained firom the field notes, arranged in 
their order for plotting. AH, 2-30; AB, 9-70; AE, 2-72; 
AC, 3*26; CB, 6*90; EH must be joined and pro- 
duced to the river. EH is M8; EK, 2-94; AL, 1-95; 
LK, 1'76; KS, 6-85, and BS, 1-80. The sides of the small 
triangle are 2-40 and 1*40. In surveying the field, it will 
bo found that the first line chained was AB, then firom B, 
turning to the left, a circuit was made of the field back 
again to B, the small tciaxi^e ^^a \k<eiit»keii) and last of 
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all was measured the line EHEJ), which tied the whole in ; 
great saving of time and distance was thus effected. 

No 12 is the survey of a wood obtained by the measuring 
of the supplemental angles. The base line AB was mea- 
sured along the side of the wood^ the distance AC being 
taken (9*40) and the whole distance AB being 11 -25; 
from C the line CD was measured 6*70 chains, and upon 
it were taken the As 2*85 and 4*10 ; from B, a line (3*55) 
was subsequently measured to 2*85 ; this line measured the 
angle BCD, which is the supplemental angle in that comer 
of the wood, and therefore determined the direction of the 
line CD m relation to CA. From D, the line DE (9-10) 
was measured, having upon it the station 3*57 ; to this sta- 
tion a line 4*72 was subsequently taken from the former 
station 4*10 upon the line CD ; this line 4*72 measures the 
angle CDE, and therefore determines the position DE. 
Upon this line also is based the smaller triangle whose sides 
are 2*48 and 2*42 ; E was now joined to A, and being 
measured, acted as a check line upon the previous work, it 
was found to be 6*92 chs. long. Upon this line also there 
was a small triangle whose sides are 2*10 and 2*08 turned 
inwards to get the wood. The angle CAE was also mea- 
sured as another check, by the line 2*76 which begins at 
2*16 on the base line, and runs to 5*28 on 6*92. 

Had this example been an open field instead of a wood^ 
a very different plan would have been adopted, as a base 
line would have been run vniJiin the property, and through 
the whole length of it, and triangles based upon this, to the 
several comers. Now, the base line is necessarily without, 
and the only method that can be adopted is that of draw- 
ing lines all round it, and measuring their inclinations \x% 
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pfodocmg one of die ades at eech coma, and measoriiig 
the supplemental angl^MalC. At the comer D, where the 
wood makes mre-enterii^ an^e, as the an^e CDE itself con 
be m e j B ure d, there is do occasuHi to prodooe one of the 
ades outwards and to measure the sof^emental aogle. 
This is abo the case at the ai^le at A. The angle at £ 
need not be measored ; ED is fixed in rehuion to DE, and 
CA IS also fixed in rektion to DC, therefore thej are fixed 
in relation to each other; both angles being therefore 
known, the measurement of one of them is a sufficient 
check. 

Where the woods are laige, this is however a tedious 
plan, and might be advantageously superseded by the use 
of the cmcuiiFEBENTOB, which is especially adapted for 
practice of this kind. 

The use and application of this instrument will be found 
fiiUy explained in the author's laiger work.* 



CHAP. VL 

■ 

SURVEY OP PIELDS NEAR MAIDEN LANE. 

Plate No. 2 is a plan of the point of junction of Maiden 
Lane with the Junction Hi)lloway Road^ and of six or 
seven fields in one of the corners. 

The extent of the survey was settled in the first instance, 
and the whole of the ground carefully examined^ and the 
arrangement of the lines^ as much as circumstances might 
afterwards allow, predetermined. 

* Castle^s " EDgineering Field Notes." Simpkin and Co., Stationer's HftU 
Court 
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The lines are numbered in the Notes and on the Plan, 
1 the order that they are used for the plotting. 



FIELD NOTES OF SURVEY. 





6-34 


to 16-61 on 1728 




6-33 


15 + p + 21 + 15 




5-95 


6 + p + 9 + 16 




5-44 


30 + 15 


p — 


5-38 


- + 


p + 5 


4-90 


28 to end of fence 




4-51 


12 + waterfall 


p + 10 


4-38 


8 + fence + D 




4-23 


6 + 20 


D— 


4-22 


-+ +B 


D 




D 


13 


4-16 


20 


D— 


410 


— + 


D— 


4-00 


- + 


D 

3 


3-90 






3-26 


20 + 15 


P + 5 


2-97 


20 + 20 


path 4- 10 


200 


30+ 15 




1-23 


33 + 20 




0-94 


28 + 15 to paling 


path 4- 9 


0-70 




From 544 on 609 








3-54 


to 583 on 609 




3-27 


3 




2-62 


10 to paling \ 




2-50 


10 + fence + 8 \ 


9 


2-39 


58 + 26 to G.P. 




2-09 


88 toG.PJ 




1-93 


23 + 18 ' / 




1-68 


4+P+22 + fence + 6 


path — 


1-65 


— X 5 + path 


From 860 on 1067 


1-00 


9 + 10 + 3 to ^al\w^ 
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FIRLD NOTES OF SURVEY. 



paling — 
D— 



A 
path 



pond — 
13 
1 — pond — 
I pond 

12 + 4 
From 578 on 734 



609 
5-95 
5-90 
5-83 
5-80 
5-44 
5-39 
500 
4-48 
4-47 
0-61 
0-60 
0-31 

• 

0.30 



— X13. 
X 



2 + 18 

A 

1 + D 

— X 

2 + D 

to 487 on 10-67 
0+D 

— pond 
.33 

— pond 



4 

8 

+ 2 

D + 6 

From 591 on 734 




to off 23 at 8-20 
on 19-55 (page 86) 



From 734 on 734 




to 483 on 968 
2 + D 
8 to G.P. 
10 to G.P. 



A 



From 616 on 1306 



7-34 
5-91 
5-85 
5-78 
5-75 
5-60 
5-43 
5-25 
300 
210 
0-72 
0:55 
0-25 
0-13 



to 1014 on 1728 



i 
\ 



29 + 

26 + pond (35) 

32 + pond (35) 

40 to G.P. 

18 

10 

4 



6 
12 



I 
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10 + 30 
D 

10 + 76 

D 

10 + 73 



From 1063 on 1067 



1306 
1302 

6-83 
6-16 

6-02 
6-02 



to ofi&et 14 at 147 
on 1955 



4 + D 




pond 
46+p+O 



15 



stile — 

p 

to paling 10 + 3 

path — 

to paling 10 + 6 A 

- D 

From 1443 on 1728 



10-67 
10-63 



10-50 
10-46 

9-00 
8-74 
8-60 
4-87 



— + 
p 

8 

— X 






44 + 

haystack+ 2 

46 

30 

7 

A 

D+ 12 

18 


D + 3 



From 17-28 on 17-28 



9-68 
9-35 
9-05 
9-00 
8-00 
6-00 
4-83 
4-79 
3-00 
1-46 
100 



to o&et 26 at 16 00 
on 19-55 
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FIELD NOTES. 



I 

From 765 on 1160 
page 83 




to oflfeet 27 at 710* 
on 12-30 (p. 83) 
18 + 13 
32 




o 



fence — 
A 


5-77 
5-74 




5-67 


P — 


5-58 


30 D — 


4-50 


30 D — 


4-12 
3-00 
2-56 
0-95 


P — 


0-80 
0-57 



— X 

D 

3 + 16 

— X22 

4 + 16 

10 + 12 
9 + 16 
30 + 15 
4 + 20 

D 

24 + 18 

— X 



— X 
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From 765 on 1160 


0-20 


P D 

16 + 12 + 13 + 15 


16 + 3 
10 + 6 


11-60 
11-56 
11-00 


to 1728 on 1728 
14 + p 
17 + p 


12 + 10 

+ P- 
10 + 11 + p + 7 

10 -h 23 + p + 26 


10-00 
9-53 
900 
7-90 


8 + 2 path 
— X 


topost20+18+p+25 

D — 

path + 35 


7-70 
7-65 
7-37 
7-20 
4-00 


— X 

27 + D 



path + 21 

A 
to post of stile 16 

stile — 

to o. p. 31 

to o. p. 41 

From 1230 on 12-30 



2-00 
1-00 
0-76 
0-69 
0-36 
0-17 



• 


76 


12-30 
12-24 
11-76 


t 




11-70 
10-92 
10-50 


p 


R 


9-32 


H + 9 + 69 


7-77 






7-21 






7-10 



to lamp post 



30 + 22 
4 to pump 
12 + 20 
16 + 13 
20 + 9 



25 + 9 
27 
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* 5-00 I 5 + 30 4- 1> 



4 + 15 + 44 3-00 




11+35 



to G. p. 46 
11 + 14 



1 



34 + 12 

I 

From 1026 on 1026 
along High Boad 



1-00 

0-58 
0-51 



0-14 



10 + 28 + D 
17 + 20 + D 



to Kentish Town 



to 2 G. p. 


10-26 


to o&et 25 at 19-26 
on 19-55 


to fence 15 


9-82 




hedge — 


9-73 


— X 


, 


9-64 


18 to G. p. 


X fence — 


9-49 


— X 




9-46 


2 




9-34 


20 


From 1728 on 1728 






V V 


A 





\>c 


17-28 


to second brick pier 


\ 


17-14 


11 to pier of small 
bridge. 


^ path — 


17-00 


— X 




16-93 


8 to further post 




16-86 


+ stile 


to tree 


10-32 




D — 


10-31 


— X 


to tree 


9-08 


90 to G. p. 


8-39 




D — 


8-35 


— X 


From o&et 14 at 






147 on 1955 
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12-58 


to A on Base Line 




12-00 


20 + D 


A 


1016 


40 + D 




6-50 


76 + D . 




2-00 


23 + 57 _ 

-X A 




fence — 


0-90 




to fence 4 + hedge — 


0-70 




from 2166 on 2624 — 








A 






26-24 


R 


15 + 


25-55 


45 + 13 


20 + 16 


24-00 


25 + 14 


18 + 35 


22-52 


9 + 15 


to o. p. 20 36 


22-34 




A 


21-66 


to 9 th lamp-post from gate. 


R 


21-46 


14 to on fence 


_ D + 20 + 36 + 6 


21-27 


• 


to G. p. 20 + 40 + 5 


20-62 




20-00 


8 + 5 


B 


19-08 


16 to G. p. 


20 H 


h39 


18-93 


2 + 13 to G. p. 


15- 


-40 


18-00 


2 + 11 


12- 


h30 


15-00 


3 + 12 + 5 


14- 


-10 


10-00 


29 + 13 


12 + 7 


8-00 


36 + 13 

Xf 


20 + 6 


7-00 


36 + 13 . 


15 + 15 


500 


25 + 10 + D 


K 




R + P 


17 + 20 


400 


19 + 12 + 10 


D + 10 + 26 


3-00 


10 + 10 + 10 + D 


grasR B 




p 


D + 13 -f 30 + 3 


2-00 


10 + 18 D 


gate fence — 


•82 


— X 12 to stile 


from B on A. B. 




Along the Junction 








HoUoway Road, 
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hedge 




to o. p. 30 



to post 



35 
32 

26 

20 



31 

28 
20 

27 

D+30 



D4-22 

D + 

Along 
From A 



19-55 

19-26 

19-15 

19-07 
19-00 
18-72 

18-52 

18-42 

17-84 

16-00 

15-86 

15-47 

14-00 

12-24 

12-08 

8-20 

6-00 

5-00 

300 

2-17 

2-00 

1-70 

1-47 

1-13 

1-00 

000 




50 



40 + 20 
37 

18 



20 to stone 

26 to G, p. A 

15 4- 10 G. p. 

24 to fence 

26 

28 to G. p. 

26 to G. p. 

23 to 



(\ 



13 1 
13 

A 
12 
12 4- D 

14 to A /\ on feiic< 
22 !J: 

22 + D (20) 
52 4- D 

Boad 

on Base Line 



Fij.U 2 



\ 



.^^ 




T ManseU.sc 



8! 



CHAP VII. 

»y carefully referring to the following explanation for 
very line as he goes on, both as to their arrangement and 
le position of the offsets, the learner will find no difficulty 
rhatever in understanding the field notes, and in plotting 
le work. 

Explanation, &c 

The base line AB, upon which the whole depends, is 
9 chains 55 links long. {^Line 1.] 

In the taking of the offsets upon this base line 19*55, 
;reat care is requisite in selecting the most suitable. It 
•ften happens, in practice, that stations for the side triangles 
annot be conveniently taken at the base line itself, but on 
ffset points near to it, such as a " post in a fence," a **gate 
Hysto^ the "comers of a fence," or any other ^^jfiaed^^ point 
tear to the line, that can at any time be referred to ; for 
Qstance, the first station here selected is that of a broad 
jTow on the fence (offset 14 at 1*47), for the purpose of 
aeasuring the cross hedge. 

Observe that this offset should be measured very carefully. 

The next is that at an offset of 23 at 8*20 chains. The 
bird station is that of the offset 24, at 15 chains 47 links, 
ill for the same purpose. 

At 16*00, is the common offset of 26 to gate post; at 
17*84, 35 on left to a post at the comet oC thfe 
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1842, 30 to first left hand gate post ; at 18*52, 18 links to 
a post in the comer of the field to the right; at 18*72, 37, 
on the right, to where a small garden enclosure commences; 
at 19*00, 40 4- 20, ue., 40 up to the enclosure + 20 to the 
comer; at 19*07 to stile post on left, by side of hedge; at 
19*15, 50 to first right hand tumpike gate post; at 19*26, 
25 links to second gate post on right; at 19*55, to the 
further comer of tiunpike house. 

From this comer you turn to the left, on the high 
junction Holloway Road, for a distance of 26 chains 24 
links. \_Line 2.]* 

The direction of this line is obtained by measuring firom 
the station 21*66, on the line 2624, the line 12 chains 58 
links, to A. [Line 3.] 

The number of the offsets on 26*24, will depend altogether 
upon the degree of nicety required. At 2*00, on the ri^t, 
the line is 10 links firom the path, and on the left 3 links 
fi*om the road. Up to 300 there is 10 links of grass on the 
right between the road and the path ; at 400 it ends. On 
the left, however, the grass continues throughout At 15 
chains, the chain is in the road, having 30 links of road on 
the left, and 3 links on the right; at 18 chains, it is 10 
links to the right of the road, and 2 links to the left of the 
path, which is 11 links wide. The station selected at 
21*66 is a lamp post, being the ninth firom the gata At 
26*24 the line ends. 

The next line is 12*58 long, and runs fi*om 21*66 to A -^9 
completing the triangle on the right of Maiden Lane» 



* Only a portion of tViis Uno ia lixo^tni m the plan. 
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We now return to the Kentish Town side, to the survey 
of the fields. 

From offset 14, at 147 on 1955, turning to the right, a 
line is measured to the second brick pier of a culvert, being 
a distance of 17-28 ; on this there is an ofiset to a post in 
the comer of the hedge of the first field, viz., at 9*08, 90 
to G. P. [Line 4.] 

From 17*28 another line is again measured, of 10 chains 
26 links, to second* gate post of turnpike, which was an 
oflset carefully determined upon the line 19*55. [Line 5.] 

This completes the first triangle on the left of the base, 
which passes obliquely through three or four fields. 

Again, fix)m this point 10*26, turning to the rights along 
the same Junction HoUoway Road before referred to, but 
in a contrary direction, measure 12 chains 30 links, to a 
lamp post \Line 6.] 

From the end of this line measure 11*60 to the end of 
1728, to the second pier of culvert, above referred to. In 
this line we meet with a path running through the field, 
the position of which it is necessary to define. This is the 
second triangle. [Line 7.] 

Upon this line, 11*60, there is a third triangle based, for 
the purpose of obtaining the position of the boundaries of 
the field ; the sides of this triangle are respectively 5 chains 
74 links, and 4 chains 6 links. 

On this line, 577, the first ofiset taken is at 57 links, 
where the path crosses. 

At 4*12, ditch crosses — and, firom being on the right side 
of the line, runs 30 links to the left, forming, as the follow- 
ing ofiset at 4*50 shows, a small pond, whose length on the 

* The line (5) on the Han is dr&Ym \>y im&laki^ \a \)ci!& jvr%l v^'oX.. 
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line is 31 links, and width 30 links to the left The ofisets, 
now, go on regularly to the end. [Line 8.] 

In the next line, 406, which brings us back again, close 
upon the high road, at the distance of 1*18, there is an 
oSset of 24 to the paling; at 2-95 (3 +p + 20), that is, 3 
to the path, which is 26 links off from the comer of a small 
oval enclosure ; at 3*26, the offset of 7 links is taken to the 
widest part of the oval; at 3.72, you come to the end of it, 
which is 27 links off from the line ; the position of the main 
fence is fixed by the two offsets, 24 and 27, and the begin- 
ning and end of the enclosure by their distances on the 
line ; the size of the oval is known by the distance 7. At 
4*05 there is an o£^t of 11 to the path + 15 to the comer 
of a garden, on the other side of the field. [Line 9.] 

The ofisets are now carried up to where the ti*iangulation 
was left off. Let us now, therefore, proceed with the tri- 
angulation. 

The next line we come to is the line 556, which, turning 
to the right, runs firom a known point, 765 on 1160, along 
side of a thick quickset ornamental hedge, to auother known 
point, viz., an oflfeet 27 at 710 on 12*30; the line 12*30 
running along a sunken road, and the ofiset 27 at 710 upon 
it being a post, and having been carefully determined. 
This line acts as a check line. The first ofibet^ at 100, 
shews the position of the hedge; the second distance, 
246) the commencement of an oval enclosure ; the next, 
270, shews that, at its widest part, it touches the line; 
at 3*00 the oval ends, and is 22 links off the line. [Line 10.] 

At 541, another half oval begins, which at its widest 
part, at the end of the line, is 18 links off, its conjugate 
axis being 13 links. This line completes the Field Na 6. 
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The next line runs from the brick pier at the corner of 
No. 5, along the boundary hedge, between Field No. 5, 
and Fields No. 1 and 4. It is 9*68 chains long, and con- 
nects the point 17*28 at the pier, with another known 
point, at the other end of the field near Maiden Lane, 
being ofiset 26 at 16 chains, on the line 19*55. This line 
finishes Field No. 5. [Line 11.] 

The following line, 10*46, is a loose line, being one of 
the two sides of another triangle, based upon a previous 
line 17*28, and selected for the purpose of surveying Fields 
Nos. 2, 3, 4. It runs to the corner of Field Na 3. 
[Line 12.] 

The other side of the triangle is the line 13*06, which 
extends firom the same stile post to a known point, viz., the 
ofEaet 14 at 147, on the line 19*55, being the comer, on 
Maiden Lane, of Field No. 2. [Line 13.] 

On the line 10*67, there are two stations taken, 487 and 
8*60; the object of them will be explained presently. The 
o&ets on this line are the same as usual, except at the end, 
where they difier somewhat; for example, at 10*46, the 
line crosses the stile — at 10*50 there is an ofiset at 15 
links, to the angle of the adjoining property. At 10*67 
there is an ofiset to another angle in the fence. 

On the line 13*06, the chief thing to be observed is, that 
at 6*02 the line crosses the ditch between fields Nos. 2 
and 3, and that the comer of field No. 2 is (10 + 73) links, 
to the lefl: of the line, where it crosses, while the comer 
of field No. 3 is 4 links to the right. The o£^ts of 

10 + 73, 10 + 76, denote that in this case the hedg^ is 

i 



92 BUBYET OF MAIDEN JJLXfE. 

between the ditch and the line. There is but one A on 
this line, viz., 6*16* 

The next line measured, 734, is from this A» 6*16 to a 
previous known point, viz., 1014 on 1728. This line is 
a check upon the line 10*76, and at the same times it gives 
the podtion of the boundary between fields Nos. 3 and 2* 
[Line 14.] 

From 734, along the ditch, between 4 and 1, the line 699 
measured to a known pond, viz., 483 on 968. This line is 
a check upon the measured lengths of fields Nos. 1 and 2, 
as to their sides adjoining Maiden Lane. [lAne 15.] 

Next, from 591 on 734, a line, 579, is measured along 
the boundary between 1 and 2, to a known point in Maiden 
Lane, being ofiset 23 at 8*20 on 19*55. [Line 16.] 

Then, fix)m 578 on 734, a line is taken between fields 
3 and 4, to a previously known point (487 on 1067), and 
produced to 609 (denoted by the two lines half way 
across). [Line 17.] 

Upon this line there is (me A on the left (544), selected 
for the purpose of obtaining the winding of the old Fleet 
Ditch, that runs at the bottom of the field No. 4, and another 
A on the right at 5*83, for the corresponding boundary of 
No 3. 

The next line, 354, is a line connecting a point, 860 on 
1067, with this last A 5*83, having ofiisets to the fence on 
the right [Line 18.] 

And the last line is a line measured from the A 544 on 
the line 609 to a known point on the line 1728. This line 
measures 15*44. [Line 19.] 

The ofi^ts, on this and the preceeding line, are many, 
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and somewhat complicated, but certainly intelligible (with 
a little trouble) to the student, who has made himself master 
of the preceding explanations. 



The Areas of the Fields in the Survey y Plate HI., are 

respectively as follows: — 





A. 


R. F. 


No. 1 contains 


4. 


0. 0. 


2 . . , 


4. 


2. 26. 


3 . . . 


3. 


0. 32. 


4 . . . 


3. 


1. 28. 


5 . . , 


5. 


3. 0. 


6 . . . 


2. 


3. 8. 


7 . 


, 11. 


2. 28. 


Total Area 


. 36. 


2. 1. 
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CHAP. X. 

REDUCTION OF CUSTOMARY TO STATUTE MEASURE 

and vice versd. 

The statute length of the perch is 16 and a half feet, but it 
varies in different counties of England. 

In Devonshire and Somersetshire, the customary perch, 
that is, the local measure of the perch^ is less, being but 
15 feet. 

In Cornwall, it is more, 18 feet; while in Lancashire, it 
increases to 21 ; and in Staffordshire and Cheshire it is as 
much as 24 feet 

This is a lineal difference. There is, also, in some coun- 
ties of England, a superficial difference in the measure of 
an acre; an acre, in Wiltshire, containing 120 square statute 
perches only, instead of 160. 

The Wiltshire customary acre is, therefore, one quarter 
less than the statute acre, and the rood one quarter less 
than the statute rood. 

As property is frequently bought and sold by the custo- 
mary measure of the county wherein it lies, the Surveyor is 
often called upon to reduce it from one to the other. 

DIFFERENT VALUES OF THE ACRE. 

The number of (statute) square yards in an acre^ will of 
course, vary with the length of the customary perch of the 
county, — (^ An acre consisting of ten square chains or of 160 
square perches.) 
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In the statute acre, a square perch is 272*25 square feet, 
and the acre, therefore, is equal to 

272-26 X 160 = 43560 square feet, 

=: 4840 square yards. 
In the acre of Devonshire or Somersetshire, as the square 
perch contains 15 X 15 square feet, or 225 square feet, 
the number of sq. feet = 225 X 160 = 36000 

and of yards =r 4000 
In Cornwall, where the perch is 18 feet, 

18 X 18 = 324 X 160 feet = 51840 sq. feet, 

or 5760 sq. yards. 
The Lancashire perch is 21 feet long; the square perch, 
therefore, must contain 21 x 21 = 441 square feet, which 
will make the acre to contain 70,560 square feet, or 7840 
square yards. 

The customary acre in Cheshire and Staffordshire is the 
largest of the whole, each perch being 24 feet ; the acre will 
consist of 24 X 24 X 160 square feet, which is equal to 
92160 square feet, or 10240 square yards; while the Wilt- 
shire acre consists only of | the statute acre, or 3630 square 
yards. 

To reduce Statute Measure to Customary , or one Customary 

to another. 

Rule 1. Bring the acres, roods, &c., in every case, to 
square perches; multiply these by the number of square 
feet in the given perch to bring them into square feet (a 
foot being the common unit of measurement of both statute 
and customary measure), and divide by the number of 
square feet in the required perch. This will bring it into 
perches ; raise these perches to roods and ««sc«^ ^xv\ "^^ 
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result is the area in acres, roods and perches, of die 
customary measure required. 

Example 1. Reduce 25 acres, 2 roods, 16 perches, 

statute measure, to the customary measure (Derbyshire) of 

15 feet to a perch. 

A. R. p. 

25. 2. 16 = 4096 statute perches. 

but the square feet in a* statute perch = 272*25 ; 

.•. 4096 X 272-25 = 1115136 square feet. 

1115136 1115136 ^^^^ 
whence jR jT — — 005 — ^ 4956 customary perches, 

and ^^^^^^ = 30. 3. 36. 

To bring customary into statute mecuure, reverse iJne pre- 
ceding rule. 

Example 1. Hjow many statute acres are there in 28 

acres, 3 roods, and 15 perches, of Devonshire measure? 

A. R. p. 
28. 3. 15. = 28*84375 Devonshue aores 

if the Devonshire acre = 1 ; the statute acre =: *826447 

whence 28-84375 X -826447 = 23-8378 statute acres, 

A. R. P. 

and = 23. 3. 14. 
Example 2. In 30 acres, 3 roods, 36 perches, Derbyshire 

measure, how many statute acres? a. r. p. 

Answer 25. 2. 16. 

Example 3. A gentleman, wishing to purdiase a fian 
in Lancashire, which is 486 acres and 2 roods, of the atotefr 
measure, is desirous of knowing how many iu»«8 of mu- 
tovnary measure there are in it A. e. p. 

A'Mwer 300. 1. 14. 
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Example 4. In Cheshire, there is a farm of 240 acres 
2 roods, of statute measure ; a recent purchaser wishes, by 
the purchase of a portion of the adjoining land to increase 
his farm to 350 customary acres : what will it cost him to do 
so, at the rate of ^40 per statute acre ? Answer ^620,000. 

Example 5. A nobleman wishing to farm 400 acres of 
customary measure, in the county of Wiltshire, is desirous 
of knowing what it will cost him, at the rate of ^30 per 
statute acre ? Answer ^9,000. 

MISCELLANEOUS EXAMPLES. 

How many acres of Lancashire measure are there in 250 

statute acres ? a. r. p. 

Answer 154. 1. 14. 

How many statute acres will make up a farm of 300. 2. 30. 

acres, of Wiltshire customary measure ? a. r. p. 

Answer 225. 2. 2. 

The base of a triangular field measures 6 chains 25 links 

of a Cheshire chain, and the perpendicular 4*84. How 

many acres are there in it ? a. r. p. 

Answer 3. 3. 19. 

A rectangular field measures, by a Lancashire chain, 12 

chains 45 links, and its perpendicular breadth, 8*20 links. 

How many acres would a farm of the same size contain in 

the county of Devonshire ? a. r. p. 

Answer 20. 0. IJ. 

Scotch Measure. 

The acre in Scotland consists as in England of 10 
square chains (each chain divided into 100 links), and is 
reckoned in acres, roods, £ind falls, which are equivalent to 
the English perches; 40 falls making onexooii^^a&k^xQQ^^ 

n 
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one acre. The Scotch chain, however, is 8 feet longer 

than the English, being 74 feet instead of 66. 

The acre being 10 sq. chains^ 10 x 74* zr 64760 sq. feet 

And as 10 sq. chains = 160 sq. perches, 

54760 feet 

^ — rnK = one sq. perch ; 

Therefore one sq. perch or fall = 342-26 sq. feet 

To bring English Statute Measure into Scotch. 
Rule 1. Reduce the given area into English perches, 
and then into square feet by multiplying by 272*25, the 
number of square feet in an English statute perch; divide 
this product by the number of square feet (342*25) in a 
Scotch fall, and you obtain the area in terms of Scotch 
falls, which bring back to their proper quantities in roods 
and acres.* 

$ A. R. p. 

Example 1. Reduce 32. 3. 25 English statute measure, 

into Scotch measure. 

A. R. p. 

32. 3. 25 = 5265 sq. perches. 

272-25 X 5265 = 1433396 sq. ft. in the given area, 

1433396 ^,^^ 
342-25 ^ ^^ ^' ^® 

and 4188 ^: ^' /" 
-j^zr26. 0. 28. 

A. R. P. 

Example 2. Bring 20. 3. 39. English, into Scotch 

measure. A. r p. 

Answer 16. 2. 12^^^ 



* To bring Scotch measare Vnto'EkTigW!^) TQN^t«i& \\i^ '^T^ceding nile. 
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How many Scotch acres are there in 100 English acres, 

and by how much does the Scotch exceed the English 

acre? a. r. p. 

Answer 79 2 7,.^; by 11200 sq. feet 

The Irish Measure is the same as the Lancashire ; the 
chain is 84 feet long, and the acres are reckoned in acres, 
roods, and square perches, as in England. 

Note. — In the reduction of statute JEnglish to customary^ 
and customary to statute, the same rules must be adopted in 
this case as in that of English and Scotch measure. 

Example 1. How many English statute acres are there 
in 25. 3. 19 Irish acres? a. r. p. 

Answer 41. 3. 24. 

Example 2. How many Irish acres must be taken to 
make up a farm of 100 statute acres ? a. r. p. 

Answer 61. 2. 36i?. 

Example 3. A gentleman has an estate in a rectangular 
form, 2^ Irish miles one way and J the other. How many 
English statute acres are there in it, and what would be the 
periphery in Scotch miles of the same sized estate in 
Scotland ? 

Answer 1944 Eng. acres; 7f Scotch miles. 

Example 4. There is an Irish farm of 120 acres, and a 
Scotch one of 150 acres, the former worth ^10 per acre 
the latter ^615. For what quantity of land, at £25 per 
• English acre, in the county of Cheshire, could they be ex- 
changed without loss ? A. r. p. 

Answer 65. 0. 35. 
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LAND SURVEYING 



$art ti)e SecotOr. 



THE THEODOLITE. 

lU Descriptioriy SfC 

The Theodolite is the most useful instrument that has 
been invented, for taking horizontal and vertical angles, as 
by nature of its construction, it is not necessary that, in the 
former case, the objects should be in the same horizontal 
plane ; or, in the latter, in the same vertical plane. 

This instrument stands upon three legs, and consists of 
three divisions, and has three motions. 

1st — The absolute horizontal motion of the whole instru- 
ment moving upon its axis, with clamp-screw (C) to fix it, 
and tangent-screw T for fine adjustment. 

2nd. — The relative motion (as to the lower) of the upper 
of the two horizontal circles, to which the vernier (V) is 
attached, with its clamp screw (C), and adjusting-screw (<). 

These two motions are for tBl!liL^xv^\LOTviA\i\»L %n^es. 
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3rd. — The relative motion of the vertical circle, which 
has also, as well as the other two, its clamp^^crew (C), and 
fine adjusting-screw (f). 



Detail of the Jirst motion, which must he perfectly 

horizontoL 

The lower (K) of the two parallel Plates is screwed 
tightly down to the legs of the instrument. The axis of 
the whole instrument passes right through to this plate. 
The centering, at the other end, is fixed to the upper of 
the two parallel circles — the upper one, called the vernier 
drcUy from having the vernier attached to it ; the lower, 
the graduated or horizontal limb (L) having its whole cir- 
cumference graduated into degrees and half degrees. The 
lower circle has a distinct motion from the upper, working, 
by means of a collar attached to it, upon the centering of 
the upper. Upon this is again fixed the collar (D) of the 
large clamp-screw (belonging to the first division). This 
collar, as well as the tangent-screw, being attached to the 
upper of the parallel plates, which, connected with a ball, 
works in the socket of the lower plate, and has a double 
relative motion. 

The upper of the parallel plates is made instrumentaUy 
parallel to the lower graduated circle ; and the upper circle 
(when in correct adjustment) is also parallel to them both. 
Upon the upper of these circles are two small spirit levels, 
B, B, at right angles to each other. 

By means of two pairs of conjugate screws (P, P), which 
alter the relative position of the plates, the upper one 
can be always made level, as wVW be im\xie^\«\i^ 
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the two bubbles in the levels being in the centre of the tube; 
and, once set level, the instrument when in adjustment, 
will be level in any position. 

Note. — By tightening the clamp-collary and rising the 
tangent-screw^ the finest adjustment can be obtained* 

The second motion. — Unclamp the horizontal circle, and 
the upper will move independently of the lower, or body of 
the instrument, with which it is connected. This motion 
of the upper circle, or vernier plate, as well as that of the 
two (or virtually the motion of the lower), will be perfectly 
level, if the instrument be correct and in adjustment ; and 
the bubbles, now, as then, will be, in every position, in the 
centre of the tubes. 

The clamp (C), and tangent-screw (t) are placed along- 
side these circles, and have the same office as those of the 
first motion. 

The third motion, — In this, which is a vertical motion, a 
graduated circle (N) is made to move instrumentally, at 
right angles with the horizontal plane of the instrument. 

This circle moves upon its axis (A), which, passing 
through the common centre of the instrument, is supported 
by two shoulders or supports (F, F), at right angles with 
the vernier plate, to which this axis is made paralleL 

This, like the horizontal circle, is graduated to half 
degrees, and, like that, by means of a vernier (V) supported 
by the compass box, is capable of being read off to 
minutes. 

Attached to this vertical arc, ahove ity is placed a tele- 
scope supported on two X^ oi ara\% 'vcl \Jcka form of the 
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letter Y. These Ys, which are tangents to the tube of the 
telescope, are kept in by clips (dy e\ fastened by a pin. 

A long spirit-level (6) is fixed to the telesqppe, beneath 
and parallel to it 

There is also a compass-box (G), with a magnetic needle. 
This box is generally placed over the two circular plates, 
and under the vertical arc It is useful to find the general 
position of the north and south points of the estate. 



The Working of the Theodolite. 

Adjust, first, the parallel screws, (P, P,) so as to have the 
lengths of the worm as nearly equal as possible above the 
upper plate. 

Extend the three legs, approaching or extending each 
until the bubbles in the two levels (B, B,) are nearly central, 
and the plummet, suspended firom a hook under the body 
of the instrument, hangs freely above the centre of the 
station. The better plan is to move only one leg, which 
is, of itself, capable of a double motion. 

Press the legs firmly in the ground, unclamp the whole 
instrument by means of the large clamp-screw (C), observing 
to keep the other motions clamped. 

It must now be remembered, that the two levels, on the 
horizontal plate, are conjugate, i,e,y at right angles ; and, 
that the opposite screws, also, are conjugate, each pair of 
them. 

Set one level over any two opposite screws : then the 
other level will be over the other paVc, 
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If both the bubbles of the levels, thus placed, are not in 
the centre, loosen one of the corresponding conjugate screws^ 
and tighten the other, until the bubble be accurately ad- 
justed. Then loosen and tighten the other pair in the same 
way, till the same result be obtained. This will probably 
throw the first out ; repeat the process to each, until both 
bubbles are level. 

Having made the plates (ib, k) level, clamp the whole 
instrument, and, unclamping the parallel circles, set the 
broad arrow of the vernier, which is in the upper plate, 
to 360^, or zero, of the larger circle, and clamp it. This 
must be done by the magnifying glass (m), attached to the 
horizontal circles. 

This large circle is divided into 360, and then again 
subdivided into half degrees, which are numbered £rom left 
to right, and, by means of the vernier, read off to 
minutes. 

Again, unclamp the large clamp-screw, and turn the 
whole instrument towards the left of the stations, between 
which, you are desirous of taking the angle, until you can 
cut the object as accurately with the intersection of the 
cross wires of the telescope, as can be done by the hand. 
Then clamp the screw (C), and slowly turn the milled-head 
tangent-screw (T), until you obtain the accuracy you 
require. 

Now, as the zero points of both upper and lower circles 
are together in the present position of the telescope, and as 
the lower circle is graduated from left to right, by separating 
the upper circle, and turning it roundy till the centre of the 
cross webs of the telescope^ which is attached te it, cut 
exactly the centre of the object at tke second station, you 
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obtain the angle between the two, determined by the posi^ 
tion of the vernier and the length of the arc of the circle it 
has described. This can at once be read off from the plate 
by the broad arrow of the vernier, which will stand exactly 
above the number of degrees and minutes of the angle, 
measured between the two given objects. 

When the cross webs, therefore, nearly cover the object, 
clamp the plates as before, and use the tangent screw (t) ; 
and, with the magnifying glass (m), read off the angle, by 
means of the vernier. 

As an additional check, these angles are generally 
repeated; that is, the angle is not taken again, by separating 
the upper plate and bringing the vernier back to zero, and 
then taking it a second time — but, without detaching the 
two plates after the last observation, turning the whole 
instrument bodily round to the Jlrst station, and, then 
imclamping the vernier plate, and turning it round to the 
second station. 

The angle read off at this second reading, if correct, will 
be double the first angle. 

To get the third reading, keep the two plates still 
together, and turn the whole round, repeating the process 
as before. 

The angle read off at this third reading, if correctly done, 
will be three times the angle required. 

It 18 requisite that the verniers should be separately 
marked, as A, B. 

TO TAKE A VERTICAL ANGLE, OR AN ANGLE OP ELEVATION 

OR DEPRESSION. 

First set the whole instrument leveV, «& ^%& ^tiz^imsnjA. 
before, by means of the bubbles on t\\e'^erciL\et ^^\a. ^Y*<b« 
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bring the bubble of tbc telescope level {b) to the centre of 
the tube, observing whether, at the same time, the zero 
point of the vertical arc coincides with the zero of the ver- 
nier. This must be carefully examined by the magnifying 
glass. 

If the instrument is found to be perfectly level, when the 
zero point of the circle and the broad arrow are together 
(it is then in adjustment), raise or depress the telescope till 
you distinctly cut the required object with the horizontal 
wire, or the common intersection of the three wires. The 
changed relative position of the broad arrow, will give the 
required angle, which will be an angle of depression, if the 
broad arrow be found between the zero of the plate and the 
object-glass of the telescope ; and of elevation, if beyond 
them. 

Note* — The adjustments are not inserted here, as no 
pupil could understand them without assistance from a 
master. They will jind them fully detailed in my larger 
work^ on surveying and levelling. 

Parallax is the indistinctness of the cross wires (or 
spider's-web), occasioned by the point of their intersection 
not being at once in the common focus of the eye-glass and 
object-glass. 

To correct this error, first adjust the eye-glass, by means 
of the moveable eye-piece, till you can perceive the cross 
wire clearly defined, and sharply marked against any white 
object. 

Then, by moving the milled-head screw (M), at the 

object-end of the telescope, until you obtain the proper 

focus, to suit the distance o{ \\ie Q\>\^t^ ^ou are enabled to 
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see at once the object^ and the intersection of the wires^ 
clearly and sharply defined before it. 

THE VERNIER. 

The vernier is a contrivance for subdividing, to any 
extent, the smallest division in a graduated scale. 

In the theodolite the lower circle is divided into half 
degrees or 30 minutes ; and the vernier so arranged as to 
read off to one minute. 

On inspection of the theodolite, it will be found that the 
degrees are marked with a longer line than the half degrees. 
Should the broad arrow of the vernier fall within any one 
of these half degrees, then it becomes necessary to measure 
this quantity, which, by means of the vernier, can be done 
to one minute. 

Hence to (ucertain the number of degrees and minutes 
contained in a given angle, observe where the broad 
arrow of the vernier is; if, between a full degree and a half 
degree, so many degrees and as many minutes, as are 
denoted by the number of the first division line of the ver- 
nier (reading onwards as the degrees number), that coin- 
cides with the corresponding division in the limb ; or, if 
between a half degree and a whole one, so many degrees 
and 30 minutes, plus the same number of broken minutes, 
as is denoted by the coincidence of the corresponding lines 
of the vernier and Umb. 

Thus, if the broad arrow of the vernier point between 
265° and 265° 30', look along the vernier from right to left 
till you find a line on the vernier coinciding with, or as it 
were, forming one line with one of the graduated divisions of 
the circle underneath — suppose this Une lo b^ Y^' ^xovsk^^ 
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broad arrow — the angle will then be 266'' 10'; suppose it 
20', and the angle will be 265" 20', and so on. 



CHAP. IL 

THE METHOD OF USING THE THEODOLITE. 

There are two methods of using this instrument generally 
adopted ; the first by the needle : the second by the back 
angle. 

The first (by the needle) I will briefly describe. — The 
broad arrow of the vernier, and the zero point of the hori- 
zontal limb, are, by means of the adjusting-screw made 
carefully to coincide, always with the magnifying glass; 
the needle is then released, and allowed freely to play upon 
its agate ; and the whole instrument, with the two circles, 
firmly clasped together, turned round until the north end 
of the needle coincides, as nearly as the eye can telly to the 
north point or zero in the graduated circle in the compass 
box. The whole is then clamped, and if in clamping any 
error has arisen, it is carefully corrected by the large ad- 
justing-screw (T). Now, if the two plates be detached, 
and the vernier plate turned round to the object, the 
angle read by the vernier, will be the angle made at the 
station, between the first object and the north end of the 
needle. 
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If the vernier plate be again undamped, and turned 
round to the second object, the vernier will, in this case, 
also denote the angle made between this second station and 
the same north point. 

The second method^ by the back angle. — In this case the 
instrument is placed at the second station, the bearing 
between the first and second being assumed as a base line, 
determined in position, and the angles are all based upon 
that line ; thus, supposing the starting-point to be A, the 
first station B, the base line AB, and the several stations 
C, D, £, F, &a, then the angle at B is that between 
A and C ; the angle at C, that between B and D, and 

so <M1. 



THE PURPOSES FOR WHICH IT IS USED. 

There are two cases in which the theodolite is found 
invaluable, and to which it is principally confined. 

First — That of the survey of a road or river, by mea- 
suring along it, and taking the angles of its several bends, 
which is called traversing. 

Secondly. — By determining the position of several new 
points, in relation to the position of some known line, 
by means of the angles made between these new points 
and the old ones. This is called surveying by " two 
stations.^^ 
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FIELD NOTES. 



First Application. 



TRAVERSING A ROAD. 



The following are the Field Notes of a Road Traverse: — 
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Explanatory Remarks^ ^c. 
AB is taken as the base line of the survey : it is 17*40 
chains long. At B the first angle ABC is then taken, 
123^ 40': — This angle gives the direction of the next line 
BC. Now, in taking the angle ABC, it must be carefully 
remembered, that BC is a new line, and AB an old one; 
the latter already known, both on the ground and on the 
paper; the former depending for its direction upon the 
number of degrees contained in the angle, ABC. 
In taking this angle, lYie \5[v^odLo\\v^ \i«v\y^ ^\. ^\.^^ 
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the whole instmnient, with thetwoxerostogedier^ istmned 
round to A, and then clamped ; the upper plate is th^i 
released and turned round to C. Standing at B, therefore, 
and looking towards it, the angle thus read, will, fiom the 
direction in which the lower limb of the theodolite is 
graduated, viz., firom left to right, be always reckoned, if it 
be OD the side where BC is now found to be, less than 
180°; if it be on the other side, as Be, greater than 180^ 
The angles ABC, ABc, are equal; but the line BC, being 
in the one case, in the second quadrant, makes the angle 
123° 40'; whereas, the line Be being in the third quadrant, 
makes the other angle, as read by the instrument, to be 
236° 20'. Had the road run in the direction of Be, instead 
of BC, and the angle ABe been put down in the book as 
123° 40', it would have been necessary to have added '' to 
the right" Thisisthe plan adopted by some persons ; butin 
the hurry of field work, this mark f^ is oftentimes omitted 
and the direction of the new line, whether to the left, or 
to the right, becomes a matter of doubt; the work cannot 
be plotted, and the angles have to be taken again. The 
method I have adopted guards against every chance of such 
an error. 

In taking any angle, set your instrument first to the end 
of the old known line ; and when it is turned to the new, 
the angles, read off it, will always tell whether the new line 
is on the left, or on the right of the old line, looking in the 
direction towards which the latter was measured ; if the 
angle is less than 180°, it will be on the left, if more than 
180°, on the right 

In the present case the angle ABC is 123° 40' ; it is less 
than 180°, and therefore the direction of the new station is 
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to the left of tfae old line. To plot this^ therefore^ draw any 
line^ A6, upon paper^ of the required length, 17*40 ch&, 
place your protractor at B, having the bottom edge close 
against BA, and from the A end, count o£P 123°-i' to the 
right; mark this off (C), and join BC, then measure BC, 
7-35 chs. 

At C, on reference to the Field Notes, you will find the 
next angle, BCD, is 231° 30'. The new line, CD, there- 
fore, turns to the right, and is in the third quadrant Place 
your protractor at C, having the right side of the under edge 
close against CB ; and from B, lay off to the left, the angle 
(360^ — 231^ 30'), or 128^ 30'. (Should the protractor, 
however, be a circular, instead of an ivory oblong one, the 
instrumental angle 231^ 3r can be read off on its right 
direction at once.) This will give you the angle BCD, and 
the direction of the next line CD, which is 9*70 chs. long. 
At D the next angle is 91^, and therefore turns to the left; 
the protractor must be placed with its centre at D, and the 
lower edge close against CD; and the angle 91^ marked 
off from the left to the right ; this gives DE, . which is 
9*85 chs. long. The next angle is 296^ 30', and turns to 
the right ; it must, therefore, be subtracted from 360®, and 
the remainder 63® 30' must be laid off on the right of D£, 
giving the new line EF, 16*72 chs. The following angles 
are all greater than 180^, and therefore turn always to tfae 
right, looking in the direction the preceding line was 
measured, until you come to I, when the angle is 146® 55'; 
this must, therefore, be laid off to the. lieft. At K it is 289^, 
and turns to the right. At A the angle is 291*" 20'. This 
angle is a check angle, as it proves the accuracy of the 
whole previous work. It must be here observed, that these 
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angles are the exterior angles of an irregular polygon ; and 
as the sum of all the interior angles are equal to twice as 
many right angles, as the figure has sides, wanting four ; 
and as the sum of all the exterior, together with all the in- 
terior angles, are equal to four times as many right angles as 
the figure has sides; therefore, all the exterior, that is, all the 
observed angles added together should amount to four more 
than twice as many right angles as the figure has sides. 

Now, there are in the given figure ten sides, and there- 
fore the sum of the angles should amount to twice 10, plus 
4, or 24 right angles, equal to 2 1 60"". This, on adding them 
together, will be found to be the case. The angles, there- 
fore, may be presumed to be correct. 

The taking the sum of the angles is a check upon the 
field work. The proof of the plotting being correct, is that 
of the work closing. No ofisets must be put in before the 
angles are laid ofi*, and the work found to close. 

I have annexed the field notes of another example of 
Road Traverse, for the learner's practice. 

D 
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THBODOUTE. 
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38 


11-00 


15 


17 


9-00 


47 


24 


7-75 


30 




5-50 


33 


37 


315 


12 


35 


2-25 


30 


Between A K 
at A L 


86^ 30^ 
23«> 45' 


and A A 
and tree 


J to corner 10 


25-74 
2513 
24-50 
22-73 

18-48 


40 to comer V 


Koad 
— to corner 17 

9 
11 


to A L.45 to cor. «««>• 
43 




13-76 


35 


40 


7-00 


16 


H + 69 


1-00 


2 + H 


Between A I 
at A K 


171« 49' 


and A li 





57 


12-00 


/ 


, 20 + 34 
20 + 30 
20 + 20 


11-90 

10-60 

2-60 

1-50 


Be 


tween A H 
at A I 


199^ 39' 



to A K. 10 + D 

11 

30 + D 
and AK 
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H + 22 


7-93 


45 


6-90 




6-50 




6-00 


2 


3-00 


H + 20 


1-00 




7200 


Between A fl- 


92» 22' 


at A H 





to A I 29 + H 

10 + H 

8 

55 

33 

and tree 

and A I 



55 
44 
2 
34 
40 

Between A F 
at Afl 



7-90 
7-09 
500 
1-50 
1-00 

ler ir 



2 + H to AH 

6 

45 

11 

and AH 



H + 40 



17 
• 25 

Between A E 
at A F 




5 + H. to A fl 
12 + H H 

6 + post + 6 
30 

20 

and AG 



Between A D 
at AE 




3 to AF 

33 

22 

and AF 



H + 49 


8-80 




8-40 




5-80 




4-80 


37 


2-00 


To fence, 42 


1-00 




32-30 


Between A C 


1040 6' 


at AD 





to A E. 10 + D 

8 + I> 

22 + 7 to G. P. 

20 + 7 to G. P. 

37 + D 

45 

and tree 

and A E 
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THEODOLITE. 



70 


9-79 


to A B. 15 + H 


21 


9-10 






905 


34 to wall 


11 


8-84 




(12 wide) to stile 17 


6-93 






6-90 


20 to Fence 


To parish stone 15 


6-76 






6-40 


27 toliedge 


Between A B 


180<> 22- 


and A D 


at A C 







H + 22 
30 
45 

Between A A 
at AB 



9 

49 

120 

23 

4 

14 

5 

10 

Cvo Bend 22 

From A A 

Base 



4-47 
2-05 
1-30 

201° 3' 



to A C. 46 + H 

36 

20 

and A C 



21-88 

18-50 

17-00 

10-00 

8-94 

6-00 

4-60 

2-80 

1-00 



to A B. 55 + H 

22 

5 

48 

60 

54 

67 

45 

38 + H 

Line. 



There are also given for practice, two examples of the 
method of taking offsets upon roads. 

The same difficulties might occur in chain surveying; 
but as there are more houses by the sides of roads than in 
fields, and as most roads are surveyed by the theodolite, 
these examples are placed here with mate propriety than in 
chain surveying. 

The examples are distinct, having no connection one 
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with the other, and are each but a single line, with sundry 
offsets upon it. 

Thus, in Example 1. — First taking the left-hand offsets, 
then the right. 

At 0-00 the fence is 36 links from the line. At 2-70 
chains, the corner of the fence is 50 links off, and the 
fence runs in 120 links. At 3*30, the ponds begins: it is 
60 links from the line. At 470, this pond is 70 links from 
the line, and 60 links wide. At 5*80, the pond ends, it is 
at this place 50 links from the line, and 30 links wide ; and 
from the other side of it from the line, there are 70 links to 
the nearest corner of the fence ; the ftirthest comer is not 
quite at the same distance from the line as it is at 2*70, it 
being 150, or 20 links nearer. 

All the other offsets on the left are so simple, that they 
need not be continued. It may here be remarked, that 
the fence in front of the houses, at 7*30 and 8*80 is a 
straight fence, and therefore its commencement and ending 
are alone required : the 7 '70 and 8*40 are therefore only 
put in to shew the divisions between the houses. 

On the right, at 270, is the fence corner. At 3*30, the 
line is 30 links from the house, which latter is 30 links, or 
20 feet deep, and has a garden behind 120 links, or 80 
feet long — the two centre houses are each 60 links, or 40 
feet deep. 

At 14*35 and 14*90, there are two lodges, the front gate to 
which is 98 links from the line ; and the lodges, which are 
30 links wide, stand 24 links within the ground. At 21 *40, 
the liife is 10 links from the fence on the left:, and 60 links 
on the right; at 21*55, it strikes the fence, and if produced, 
would cross into the field beyond. 

'Example 2 is given for the student^a ptaeXAC^. 
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In Wood Block, page 121. 
BOAD SUEVEYING, No. 1. 



OFFSETS. 



Fence 

B 

Fence + 10 
25 
40 
37 
40 
37 
30 
20 



16 
20 



Road 




30 
35 

30 + 50 + 35 



30 + 50 4- 45 
50 

150 
70 + 30 + 50 

60 + 70 

60 

120 4- 50 
Fence + 36 
From A 
Base 



CHAINS. 



21-55 

21-40 
21-20 
20-60 
20-00 
18-00 
17-60 
16-00 
14-90 
14-35 
14-10 
14-00 
13-40 
13-00 
12-00 
10-00 

8-80 

8-40 
7-70 
7-30 
6-50 

6-00 
5-80 

5-20 
4-70 
4-20 
3-30 

2-70 
0-00 



OFFSETS. 



X 

B 
A B, 60 + Fence 
30 
20 
15 
15 
33 
45 

99 4. 24 + 30 
98 + 24 + 30 

60 

55 
40 
25 ■ 



30 

25 

42 4. 30 + 120 
39 + 60 

35 4. 60 

30 4. 30 4- 120 

30 

25 + Fence 





Line 



No. 1. 
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BOAD SURVEYING, No. 2. 



OFFSETS. 



CHAINS. 



OFFSETS. 



Fence + 40 

45 
60 



70 
65 

37 
30 



so 




33 



37 



40 



80 




30 + 60 

30+60 

43 

70+46 



40 + 46 

40 + 50 

70 + 48 

+ 55 

from A 

Base 



19-60 
19-55 
19-35 
1900 
18-00 
17-55 

17-00 
16-40 
16-00 
15-85 
14-50 
13-00 
10-60 

10-35 

9-77 

9-15 
8-60 

8-50 

8-30 
7-30 

7-00 
6-30 
5-90 

4-35 



3-90 
3-50 
3-00 

2-55 
0-00 




30 -f 280 

20 

17 . , 

10 + 20 



YARD 



20 
15 

24 + Fence 



II 



d 



B 
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THEODOLITE. 



The Theodolite is sometimes used as a traversing instni- 
ment, for the purpose of surveying an irregular field, or 
impervious wood ; though, for the former, if you can get into 
it, the chain is decidedly preferable ; and for the latter, the 
circumferentor is by far more expeditious and simple. 



SECOND APPLICATION OF THE TnEODOLTTE. 

Surveying by Two SUxtiona. 

A base line is drawn upon some convenient and level 
ground; and angles being at either end, taken between 
this base, and as many new points as may be desired, the 
relative positions or distances of these points are deter- 
mined; the lines connecting them forming new base lines 
for other portions of the survey — thus, as in the following 
example. — (Page 126.) 
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The base line, A6, 24*68 is measured, and at A, the 
several angles between B, and F, G, D, and E, at the one 
end are taken ; and at the other end B, the angles between 
A and the same points. 

By calculation, therefore, or by the protractor, these 
points can be determined : thus, place your protractor upon 
AB, having its centre at A, and its left side towards B ; 
and counting from B, lay off the angle BAF 17°. Again 
place it upon AB, having its centre at B, and its right side, 
towards A ; then reckoning from A, lay off the angle ABF, 
(360°— 31 r) or 49°. The intersection of the two lines 
AF, and BF, will give the point F. 

In the same way, by the intersection of AG and BG, 
the point G can be obtained, and also the points D and £ ; 
remembering, that when the observed angles are more than 
180°, they must be deducted from 360% and the remainder 
plotted from right to left, the observer putting himself in 
the place of the instrument, and looking along the base line. 

The angles taken at C, are merely check angles, as will 
be clearly seen by the following remarks. 

As the point D, is determined by the intersection of the 
lines AD and DB, without reference to C, the line CD 
should form a given angle with AB, and if correct, should 
be found, by the protractor, equal to the observed angle ; 
thus, if the protractor be set against C, the angle A CD 
should show an angle of 44^ 20', and the angle ACE, an 
angle of 100^ 10' 
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THEODOLITE. 



EXAHFLE. 

Given the base line AB^ and the several angles take: 
with it, as shown in the following notes : to determine th 
lengths of AD, DE, EB, BF, FG, and G A. 



Check Angles 


292^10' 


and A Gt 




221*>30' 


and A F 




100*>10' 


and A E 


Between A A 


44*>20' 


and A B 


at AC 








328*»30' 


and A G 




SIV 0' 


and A F 




48*>50' 


and A E 


Between A A 


23*»40' 


and A B 


atAB 








!322*>40' 


and AE 




287nO' 


and A I> 




48°20' 


and A Gt 


Between A B 


17*>00' 


and A F 


at A A 








24-68 


to A B 




12-70 


to A C 


From A A 






Base 




Line. 



f AD=10 chs.; DE=12 chs.; EB=15 chs.; 
^"*' 1 BF=790 chs. ; FG=n-40chs.; GA=13-10chs. 
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EXAMPLES FOR PRACTICE, 

BY TWO STATIONS. 

The following examples are given for the learner's prac- 
tice, who, unless he understand trigonometry, and can firom 
its rules, which is the proper mode, calculate the required 
distances, must plot them from the notes, and then measure 
the lengths of AD, DE, &c., by the scale, and compare 
them with their correct lengths as given below. 

No. 1. 





290° 0' 


and AG^ 




Check Angles. 


226040' 


and AF 






119° 0' 


and AE 




Between A A 


49<> 5' 


and A I> 




at A C 










333** 0' 


and AG 






315^30' 


and AF 






69^50' 


and AE 




Between A A 


26°50' 


and AD 




at AB 










323^40' 


and AE 






276° 0' 


and AD 






45° 5' 


and AG 




Between A B 


21° 0' 


and AF 




at A A 










29-90 


to AB 






13-87 


to AC 




From A 








Base 




Line. 





i 



128 



EXAMPLES. 



No. 2. 



Between A A 
at A C 



297°40' 

234° 0' 

116^0' 

52«40' 



and AG 
and AF 
and AS 
and A D 





332°30' 


and A G 




317« 0' 


and A F 




68^0' 


and A E 


Between A A 


29°30' 


and A I> 


at A B 








325° 0' 


and A E 




285°40' 


and A D 




47^30' 


and A G 


Between A B 


21°10' 


and AF 


at A A 








35-20 


to AB 




18-00 


to AC 


From A 






Base 




Line. 



Answer to 1st Example : — 
ADi=:14-20 chs.; DEzz22 chs.; EBz: 18-45 chs.; 
BF=lI-70chs.; FG=1 1-60 chs.; GA= 14-23 chs. 

Answer to 2nd Example : — 

AD= 17-70 chs.; DEz=27-76 chs.; EBz=20-60 chs.; 
BF=zl4-10chs.; FGi=13-70 chs.; GA= 16-80 chs. 
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Useful and practical Problems. 
PROBLEM I. 

To measure a base line across a river. 

Let DA be the direction of the line which has been 
measured up to the river. It is re- 
quired to ascertain the distance BA 
at once upon the ground ; so as to 
continue the measurement of the 
line. 

On the line DA, take any point, 
B, whence a perpendicular, BC, can 
be taken^ which will be free from 
obstruction, so that BC can be accu- 
rately measured ; carry the range on across the river, and 
at A set up a flag;\on BC, take any point C, whence A 
can be seen ; and at C erect a perpendicular to AC, inter- 
secting the line AD in D. 

Measure DB ; then, because ACD is a right angle. 

^= AB (EucUd, lib. vL Prob. 8.) 

These angles can either be taken by a cross-staff or by 
the chain, with the distances of 30 links, 40 links, and 50 
links ; 50 being the hypothenuse of a right-angled triangle 
when the base and perpendicular are respectively 30 
and 40. 

Example 1. Was engaged in the measurement of a 
base line, that unfortunately crossed a river too wide for 
the chain — measured up to the river 261 chains 45 links. 
Sent a man across in a boat, vrlth a ^sds^ Vo ^vrr^ <^\i "^^ 

K 
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range, and to plant the flag in the line on the other side. 
At 261 chains, at right aisles with the base line on the 
right, measured 4 chains 60 links to the water's edge, 
whence only, on account of the trees near the river's side, 
the flag was visible. 

At this point, at right angles with an imaginary line to 
the flag, measured to a point on the base line, whidi on 
trial I found to be 269 chains 25 links: required the width 
of the river ? 

Width of river, 11 chains 12 links. 

Example 2. Measured BC, (B being at the water's 
edge) 3*85 chs. ; found the right angle ACD, to intersect 
AD, at a distance of 5*00 chs. firom B ; — what is the lengdi 
of BA? Answer 2-96 chs. 

PBOBLEM II, 

To measure the vjidth of a river with a hose line cdongride 

of it 

Take at either end of tha base 
line, with a ttieodolite, the angle 
made between the base line and 
a flag placed at ibe edge on the 
other side of the river. Com- 
pute the leogth of the sides by ^ 
the first of the three cases of trigonometry. 

Then AO nat sine Z A; or OB nat. sine ZB = the width. 

Or ooastFQCt the triangle AOB by a scale of equal parts, 
and measure the altitude = the perpendicular width of the 
river. 

ExAMFLE 1 . Took a baae line by the 'side of a riv^, 12 
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chains, and observed the angles at its ends to the flag on 
the other side, found them 25"^ and 56^: what is the per- 
pendicular width ? Answer 4*22 chs. 

Example 2. Given the base 20 chs. ; and the angles 
44^ and 42"^ ; what is the width? Ansioer 9*30 chs. 

PBOBLEM XXL 

To find the distance of one object from another^ where a river 
divides ihem^ toiAout using the theodolite. 

Let O and A be the given 
objects, and AO the distance 
required. From A draw AB at 
any angle to AO, and produce 
OA to C, measuring AC about 
one third length of AB ; fix)m C ^" 
measure CD, parallel to AB*; and such that OBD may be 
in one straight line. 

Then, because AB and CD are parallel, the triangles are 
similar, and therefore CD : AB : : CO : AO; 
and CD— AB.AB :: CO— AO, or CA: AO 

.*. AO = tttT — T^ ^^® distance required. 

If the perpendicular distance be required, we can obtain 
' it, either by similar triangles, C A : AO : : the perpendicular 
distance between the parallels : to the perpendicular distance 
across the river. 

Or, we can so select the point A, as to have OAC at right 

* To make CD parallel to AB : at A and B erect eqiial perpendiciilan 
which can be done either by a cross staff or by means of the unit proportion of 
the sides of a right angled triangle : viz. 3, 4, and 5, or any mnltiplea of ths^L 
whatever. 
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EXAMPLES. 



angles to the river ; and AB and CD can then, if necessary, 
be made perpendicular to it 

Example 1. Took a line, 6 chains^ alongside a river, 
and having had a flag placed on the other side, in the 
direction I was desirous of going, measured in a range with 
it from one end of the line, 4*50 chains, then took a second 
line parallel to the former, 8 chains, to such a point that I 
covered the flag and the second station of the first line. 

What is the width of the river in the required di- 
rection? Answer 13 chains 50 links. 

Example 2. Wanted the perpendicular distance across 
a river: placed a flag on the other side; and from the 
water's edge on this side, measured 3 chs. back from the river 
at right angles to it, and in line with the flag : then mea- 
sured along the side of the river, 8*20 chs. and having set a 
flag there ; ranged from that point, back in a line with the 
flag beyond the river, until the line from here to the 3 ch& 
was parallel to the line by the river's side. This line was 
10-50 chs. long. Answer 10*69 chains. 



PEOBLEM IV. 

To cimtinue the measurement and direction of a given KnSy 
when any obstacle stands in the way, which cannot be crossed 
but can be avoided by going to ilie right or the left 



At any point (A), on the given 
line AC, take an angle with the 
given line, of 120^, if you would 
turn to the left, or 240^, if to the 
right, as in this case, and proceed 
measuring to B, till an aiig\e ot 
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60<> made with this line towards the first line AC, will carry 
you clear of the obstacle. 

Take this angle, ABC, 60 degrees, and measure BC the 

' same distance as AB ; the point C shall be in the given line 

and AC shall be equal to AB or BC. By taking an angle 

of 240 d^rees with the line BC, the range of the line csai 

be continued 




PBOBLEM V. 

To ascertain ike height of an object^ when the base 

is accessible. 

Measure any distance from the base of 
the object, as nearly equal as possible to 
the height, and take the angle of eleva- 
tion by the theodolite. 

Let BA be the object; measure BC, 
and take the angle BCA, then BA is determinable by the 
case of right-angled triangles. 

Example 1. What is the height of a tower, whose top, 
at the distance of 5 chains, 75 links, subtends an angle of 
33*^ 17'? Answer 249i feet 

Example 2. What is the height of a church spire, 
whose angle of elevation is 6^ at the distance of ^ of a 
mile? Answer 185 feet 

Example 3. Given the angle of elevation 7^ 45', at the 
distance of ^ a mile ; required the height of the object? 
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If the object be inaeces' 
sibley 80 that DB cannot be 
measured^ range DB on to 
Cy and taking BC, nearly 
equal to DB : measure BC^ 
and at B and C take the angles of elevation. The angle 
DBA, being the outward angle, is equal to the angle at 
C, 4- the angle BAG, and BC is measured; therefore, the 
triangle ABC, in the vertical plane, comes under the first 
case; and AB being thus determined, and the angle 
ABD, at the base, being known, the triangle ABD is 
determinable by the case of right-angled triangles, and AD 
becomes known. 

Example 1. Wanted the height of a tower, and the 
width of a moat around it, when the angle subtended by 
the top of it, at the edge of the moat was 64° 20'; and at 
4 chains 50 links ofi^, was 25^ 54^ 

Ans, Height of tower 188 ft. And width of moat 90-4 ft. 

Example 2. When the Angle, at the moat was 45^, and 
at the distance of 5 chs. was 15^ ; what was the height? 

Answer. 120*8 feet 

Where DB cannot, from any cause, be produced towards 
C, another plan must be adopted. 

In the last case, because neither AD nor DB could be 
measured, it was requisite that AB should be made the 
connecting link between some new triangle, that could be 
determined ; and the given one AB was therefore made a 
common line to the triangles ABC, and ABD ; and being 
determined by the former, it was the means of determining 
the latter. These triang|le& «ce \^\^ m ^<^ ^iax&& yertical 
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plane. ThiBy haweoer, cannot be done in the ease before as, 
as DB cannot be produced; we can^ therefore, no longer 
make AB the connecting line. By sc^ppoaing, however, 
the horizontal distance DB to be the conimon ii^rsection 
of the vertical and horizontal planes, we may be enabled to 
determine its distance in the horizontal plane, and etnploy 
that distance to determine the vertical height AD. 

DB comes under the case of Problem IL, and AB mider 
that of Fh)blem Y., and must be detenmned in the same 
way ikccordinglyr 

PROBLEM VI. 

It wae required to find the height above C, of a high toteer at 

D iffhich was incusceesiblem 





To do so, it was requisite that CD should be obtained, 
which is the line of intersection of the horizontal and ver- 
tical planes. 

The base line was first measured, noting the station C. 
The horizontal angles at A, C, and B, were taken ; and at 
C, the angle of elevation DCD was also found; the height 
of the instrument was 5 feet 
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AB being given^ and the angles at A and B^ the sides 
AD| BD are determinable; and AC being given^ AC, 
AD, and the included angle at A, will give the distance 
CD/ which thus becomes a base for the right-angled 
triangle, the angle at whose base is the angle of elevation 
6^ 17', whence the height can be determined by the case 
of right-angled triangles. 

The base CD was 1206 feet, and the ^height 133 feet 
above the instrument; adding, therefore, 5 feet, the height 
of the instrument, we have 138 feet as the height. of 
the tower, above the point where the observation was 
taken. 

Note* — The distance being under a i of a mUe^ the correction 
for curvature and refraction would be inappreciable. 

FIELD NOTES. 



Offsets. 




Chains. 


Offsets. 


Angle of Elevation 
at G 


€• 17' 


to top of tower at D 


Betvreen 
at 


A 
C 


118* 52' 


and D 


Betw^n 
at 


A 
B 


88* 13' 


and D 


Between 
at 


B 
A 


315* 36' 


and D 


Fiom 


A 
Ba£« 


16-8(6 


to B 
to C 

line. 



♦CBwA 
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LAND SURVEYING. 



$art tl)e S;f)trlr. 



THE CIRCUMFERENTOR. 

The Circumferentor is the Mariner's Compass, differently 
divided, and furnished with sights, standing upon one or 
three legs, and capable of a horizontal motion, by means 
of the usual parallel plates, or a ball and socket 

The circumferentor consists of a compass box ; divided 
into degrees, and, by means of a vernier, subdivided into 
three minutes. 

It stands upon three legs, and, by means of a pair of 
parallel plates, is capable of a truly horizontal position, which 
is determined by a level, placed, so as not to interfere with 
the reading under the compass box. 

This compass box, has an absolute horizontal motion round 
its centering, and is fastened by the clamp screw. 

When this is clamped, by detaching the pin which passes 
through the two plates of the compaas box^ \!si<^ \st»s& ^\^s^ 
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whichy with the vernier attached^ works round the inner one^ 
on which are divided the degrees, is capable of a relative 
motion^ and thus partakes of the character, of the theo- 
dolite ; this motion is communicated to it by a rack and 
pinion. 

The instrument, also, has other contrivances ; the whole 
instrument can be turned upon its side, and the spirit level 
at B, being then in a horizontal position, the instrument is 
made capable of a vertical motion, reading off to three 
minutes, by means of the vernier. 



DIVISION OF THE CIRCUMFEBENTOB. 

The line of sights is made the north and south end of 
the instrument, and from each of these the circular rim is 
graduated toward the east and west pcHX&t^ firom 0^ 
to 90^ 

On the right of the north of the instnstnent* lockiisg to 
the north point of it^ should be lettered west, atnd on the 
left should be lettered east ; and any point betwees the 
north and west point of the instrument, read by the n^fth 
end of the needle, is read north, so many degrees %tesL 

When the needle is released, and is allowed to play fireely, 
it points toward th^ magnetic north. The north of the 
instrument points to the (^ject whose bearing is required, 
the angle made between these two must necessarily give ^ 
relative position of the line of the olgect^ and the magnetic 
north, and the bearing of the object can thus be obtained by 
reading off the number of degrees to which the needle points 
on the grodoated circulax iim. 
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Definitions, 

A meridian line is a line running due north or south. 

The distance of a line is its horizontal measurement 

The angle of bearing of any line^ is the angle of bearing 
made between that line and a meridian line running through 
the pointy where the instrument is placed ; and is measured 
always from north or south, eastward or westward. 

Thus a line is said to bear magnetically north 16 degrees 
west, when the needle points to 16 degrees on the graduated 
circle, and when the direction of the line is to the west of 
north. 

The reverse hearing of a line, is merely the bearing taken 
in a contrary direction. 

The reyerse bearing of a line, bearing north 38 degrees 
east, is south 38 degrees west ; that of south 75 d^rees 
west, is north 75 degrees east The reverse bearing, ther^ 
fore, is measured by the same angle, as the direct bearings 
only taken in opposite directions ; from south bearing north* 
ward, from east westward* 

Difference of latitude^ or nerving and southing^ is the dis- 
tance that the end of the line is further north or south than 
the beginning. 

The difference of longitude^ or departurey is the distance 
that the end of the line is east or west from the beginning. 

In changing our position from one point on the earth^s 
surface to another, in a direction making any angle with 
the meridian, we at once change our latitude and longitude 
— ^the one is the northing and southing, the other the east- 
ing and westing. 
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To obtain the latitude and departure geometrically, when the 
length and bearing of a line are given. 

Draw a meridian line through either end^ and let fiill a 
perpendicular from the other. This perpendicular is the 
departure; and that portion of the meridian line inter- 
cepted by it, is the difference of latitude^ 

The latitude, departure, and distance, form the three sides 
of a right-angled triangle, whose angle at the vertex is the 
angle of bearing ; whose hjpothenuse, or radius, is the dis- 
tance; the latitude, the cosine; and the departure, the 
sine of the angle of bearing. 

The meridian distance of any station, is the distance of 
that station from the meridian line passing through the first 
or any other assumed point, and is equal to the difference 
between the sums of the eastings and westings from that 
point; and is, east or west, as the eastings or westings pre- 
dominate. 

Examples. 

Required the difference of latitude and departure of a 
line, which bears south 16 degrees 30 minutes, east 
3 chains 47 links. Answer 3*33 south lat ; 0*98 east dep. 

Given a line, bearing north 13 degrees 30 minutes west, 
and 6 chains 10 links long, to find the latitude and depar- 
ture. Answer 5*93 north lat ; 1*42 west dep. 

What are th^ latitude and departure of a line bearing 
north 41 degrees 9 minutes east, 4 chains 47 links? 

Answer &*&6 worth lat; 2 '95 east dep. 
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A line bears north 22 degrees 45 minutes west, 27 chains 
62 links, required its latitude and departure. 

Answer 26*47 north lat ; 10*68 west dep. 



Tojind the bearing of a line by the Circumfereniar. 

Having placed the circumferentor over the station point, 
release the needle, and then, having undamped the body of 
the instrument, by means of the parallel plates, as in the 
theodolite, make the whole instrument level. Now, turn 
the whole round until the north end of it lies towards the 
object, and looking through the sight, at the south end, fix 
the instrument, so that the fine web-line, in the north sight, 
exactly covers the object ; then, when the needle has per- 
fectly settled (which should be immediately released on 
setting the instrument), read ofi^, by the north end of the 
needle, the number of degrees that it points to, from the 
north or south division line of the compass-box, according 
as the north end of the needle is in the north or south 
semicircle of the instrument ; the angle measured by these 
degrees is called the angle of bearing. 

Should the needle not point exactly to any degree, but 
lie between two of them, turn the instrument carefully, so 
as to make the needle point exactly to the next lower degree, 
and, clamping tlie whole head of the instrument, detach, by with- 
drawing the connecting pin, the two horizontal plates. The 
instrument having been altered to suit the needle, the flag 
will be no longer covered by the web. By using the rack 
and pinion, and carefully bringing the sights back, which 
are connected with the same plate aa \\ie N^TOvet^x^ ^^^«. 
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the flagy the difference of the angle, in minutes, is denoted 
by the distance of the broad arrow in the vernier from the 
360^, or the zero point of the other plate, which distance, 
as in the case of the vernier of the theodolite, is read, by 
observing which line of division in the vernier, reading to 
the left or the right (as the broad arrow is to the left or the 
right of the 360^), first coincides with some line in the 
graduated circle. In the circumferentor, the broad arrow 
of the vernier is placed in the centre, and if the distance 
from the 360^ exceed half a degree, it is requisite to carry 
on the observation, as to which line first coincides, all round 
the plate, so as to end at the 360^. In some circum- 
ferentors the vernier is erroneously marked, as, in taking 
observations, the 15 may become 45 , and the 45 , 15 , they 
should have been marked ^^ and i^, in the same way as in 
the theodolite, the vernier is marked iS> i8« 



CHAR 11. 



To find the true hearing of a line, the magnetic bearing 
and the variation being given. 

By the variation of the compaaSf is always meant the 
variation of the needle^ which is the only variable, east or 
west, from the true norths which is ever constant. 
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Rule. — Mark upon paper^ the relative positions of the 
given line and the magnetic norths which represents the 
north end of the needle^ then observe, whether the varia- 
tion be easterly or westerly; if easterly, the true north will 
be to the left of the magnetic; and if westerly, to the 
right; place this also on paper in its proper relative 
position. 

The angle made between this last line (of the true 
north) and the given line, is the angle of bearing; the 
expression of this angle depending, of course, whether by 
the variation, it may or may not have been moved into a 
different quadrant, being often changed from the magnetic 
N.W. to the true S.W., or N.E, 



Examples. 

1. Let the line AB bear N. 24^ E., and the variation be 
23J* W. ; required the true bearing of the line. 

AB» bearing N. 24^ E., the needle is on the left of 
the line, but the needle bears west, the true north is on 
the ri^t of the needle, therefore the line and the true 
north, being both on the right of the needle, the line 
being at the greater angle, the difference of the angles is 
the bearing of the line eastwards, N. 0° W E. 

2. Let the reverse bearing of AB be S. 24^ W., with the 
same variation, what is the true bearing? 

Ane. S. 0^ SCV W,, which is the reverse of the former. 

3. Let AB bear & 12'» 45' E., and the variation be 24** W. ; 
Kquked the true bearing? 

Now the north end of the needle is to the left of the 
true north, therefore : — 
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Mag. 



t?f 



§ 



M 



240 

+ 24M5' 
=z S 360 45' E 




Example 1, Given magnetic bearing AB, S. 34* 20' E., 
and variation 3^ 27' W. Required the true bearing* 

Ana. S. 37° 47' E. 
Example 2. Given AB, N, 74° 15' E., and variation 
12° 46' W. Required the true bearing. 

Am. N. 61° SC E. 
Example 3, Given AB, N. 1 1° 30' W., and variation 
13° 20' E. Required the true bearing. Am. N. 1° 50' E. 

Example 4. Given AB, S. 78° 30' W., and variation 
1 1° 30' E. Required the true bearing. Am. Due west 
^ Example 5. Given AB, S. 77° 35' E., and variation 
16° 20' W. Required the true bearing. 

Am. N. 3° 55' E. 
ExABfPLB 6. Given AB, N. 72° 36' W., and variaticm 
8° 24' £• Required the true bearing. 

Aut. N. 8P0' W. 
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The Bearings of two Lines being given^ to determine the angle 

between them. 

RuLB. First let both these lines run northwards or south- 
wards. If they run on the same side of north or souths 
whether eastward or southwards, this angle will be the 
difference of their angles of bearing ; if on different sides, 
it will be their sum. 

Next, let one run north and the other south. 

If they both run on the same side of the meridian, this 
angle will be the supplemental angle of the sum of the 
angles of bearing. 

If one be on the east, and the other on the west of the 
meridian, this angle will be the supplemental angle of the 
difference of their angles of bearing. 

In the interior angles of a polygon, as an angle may 
exceed 180% the required angle might be the difference 
between the angle calculated as above, and 360". 

Example 1. Given AB, N. 16° W., and AC, N. 12° E., 
to find the angle between them. 

16° + 12*^ = 28° = angle between them. 

Example 2. Given AB, N. 16° W., and AC, S. 12° W., 
to find the angle between them. 

Angle = supplement of sum = 180° — (16<> + 12o) zz 152 

= angle between them. 

Example 3. Given AB, N. 84° 20' W., and AC, S. 
49° 51' E., to find the angle* between them. 

Here the angle =z the supplement of their difference. 
180** — (84° 20' — 49° 51') = 180° — 34° 29' = 145° 31' 

zz angle required. 

Example 4. Given AB, S. 25° E., and AC, S. 16° E. ; 
required the angle between them. 
Angle = their difference = 25° — 16** ^^'^^ «cv^^\^^\\x^* 



t 
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BSABING8. 



Example. Given a tract of countr3r, with the bearing 
of its several boundaries, to find the interior angles, An 
bears S. 45^ E.— BC, S. 65^ E.— CD, N. 12^ 15' E.— DE, 
N. 420 30' W.— EF, N. 45® 30' E.— FG, N. 63o 47' W. 
— GH, S. 380 W.— HK, due S., and KA (S. S5^ W.) 
Required each of the angles. 

Take first the an- 
gle ABC; this is 
equal to the first 
angle of bearing, 
45® + the supple- 
ment of the second 
angle 65^, that is 
equal to 45<»+115« 
z=:1600, 

BCD, the second 
interior angle, is 
equal to the second j^ 
angle of bearing, 
65^ + the third an- 
gle 12« 15', or 77® 
15'. 

Thus, ABC being found to be = 1600 
and BCD= 77® 15' 

CDE = 125® 15' 
DEF = 2730 00' 
FGH= 65M3' 
FGH = lOP 47' 
GHK = 1420 oQf 
HKA = 2150 00' 
KAB = 1000 00' 




90 I 12600 00' 



number of sides of the poVygou, 



14 right angles. 
+JL__ 



CHECK UPON THE BEARINGS. 147 

This is, however, no check upon the field worky as all 
the interior angles, right or wrong, will always come to 
twice as many right angles ( — 4) as the figure has sides, 
provided the work be correctly calculated. 

The only check is the following, depending upon the 
axiom, that the whole northing or southing of a line, of any 
bearing, is equal to the sum of the northings or southings 
of any number of Imes of the same bearing, when the sum 
of the several distances is equal to the one distance of the 
whole line* Resolve, then, all the bearings and dbtances 
into their corresponding northings and southings, and east- 
ings and westings (either by construction, or by finding 
their respective sines and cosines to the given angles, 
and the given distances), then, because it is not possible 
to go firom. any place to the east without coming back the 
sam^ distance to the west, nor to the north without coming 
back to the south the same distance, to get to the place of 
beginning, add all the northings together, and southings ; 
eastings together, and westings : the sum of the northings 
should equal that of the southings ; and the eastings, that 
of the westings. 

There is an allowable error of one link to every three 
chains in the sum total of the distances. 
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CHAP. IIL 

Surveying with the Circumferentor. 

The mode of surveying with this instrument is very 
simple and expeditious^ 

It matters not whether it is a road, p<Hi^ field, or wooc^ 
to survey ; the same plan of taking the bearings and dis- 
tances of the several sides must be adopted. 

The chain and three flags only are required. Set your 
instrument at the first station, and a fiiag at the 8e€K>ad^ 
take the bearing of the second, and measure to it, taking 
such ofibets upon the line as may be necessary ; put the 
bearing in the centre column, and the line and its ofibets 
above ; at the end of this, draw a line ia the book,, and 
setting your instrument at the second station, and a flag 
at the third,, proceed exactly as before, going round the 
whole of the ground to be surveyed till you come back to 
the place of beginning. 

The same kind of check may be adopted with this instru- 
ment as with the theodolite, by taking at several stations 
(as you go long) the bearings to any fixed point, as a church 
spire, &c. 

The following is an example of the survey, by the cir- 
cuTuferentor, of the wood, given in chain surveying. 
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SURVEY OF WOOD. 




OFFSETS. 
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200 
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Bearing 


N.89»0'W. 




At A D 






15 
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to AD 
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16 


200 




46 
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Bearing 


S. 15« 10' W. 




At A C 








463 


to AC 


35 


200 




Wood + 17 


027 




Bearing 


N. 77^ 30' W. 




At A B 




♦ 
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to AB 


Wood + 32 


712 




42 


600 




40 


500 




37 


430 




17 


345 




28 


210 




27 


100 




Wood + 24 


004 




At A on Base Line 


N. 190 0' E. 


toB 
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Explanatory Remarks. 

In plotting from the Circumferentor Notes, place the Base 
Line, AB (see Plate No. \2\ upon the paper in such a posi- 
tion as may best suit the shape and size of the plan, then, 
because it bears N. 19^ E. at A, lay off the angle BAN., 
= 19^ A N., or AS will be the meridian line. Measure 
7 *30 chains to B, and mark off its various ofisets. Through 
B, draw a line parallel to A N. ; and because the next line 
bears N. IT 30' W., at B, the end of the first line, lay off 
the angle N. BC = 77^ 30', and measure BC 4-63 chains. 
Through C, draw another line NCS., parallel to NAS. 
Then because the next bearing is S. 15® 10' W,, at C, lay off 
the angle SCD = 15° 10', and measure CD = 3-10 chains. 
Through D, draw another line parallel to the meridian line, 
and as this bears to the north, make the angle NDE =z 89°, 
counting the degrees from the north end ; had the bearing 
been S. 89° W., then the degrees would have been reckoned 
from the south, as in the case of the preceding line CD, 
Proceed thus till you come to the last line, lA, the bearing 
of which is N. 54° 50' E. Through I, draw the meridian 
line, and lay off the angle 54" 50', as with the other lines, 
and measure the distance 3*43. The line I A, is the closing 
line ; and you should now come back to the place where 
you started from. Some little error, however^ is unavoid" 
able, where there are many lines. 

Having plotted the wood, divide it into triangles, and 
calculate the area. 

Area of Wood: — 

A. R. p. 

4. 0. 37. j 
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PRACTICAL EXAMPLES. 

The following examples should be examined by resolving 
the bearings and distances as explained at page 147^ and 
when corrected, plotted carefully, for the purpose of finding 
the areas. 

Ex. 1. Required the area of a tract of land, whose bearings 
and distances are as follows, viz. : — 1st, N. 15*^ 42' E., 6*20 
chains; 2nd, N. 52^ 18' K, 6-75 chains; 3rd, S. 78^ 48' E., 
5-96 chains; 4th, S. 5^ 51' E., 4-84 chains; 5th, S. 49*^ 15' 
W., 4-75 chains; 6th, S. 4** 57' E., 3-98 chains; 7th, S. 
71«> 24' W., chains; and 8th, N. 46° 18' W., to 

the place of beginning. 

Ans. To the 7th Bearing, the distance is 5*55 chains. 
To the 8th Ditto ditto 6-81 „ 

A. B. P. 

And area of the whole . . . • 12. 3. 9^ 

Ex. 2. Given the following bearings and distances to find 

the area, viz. :— Ist, N. lO'^ 2 1' W., 4-50 chains; 2nd, N. 9® 48' 

E., 5-20 chains; 3rd, N. 75^ W., 3-00 chains; 4th, N. 

20^ 3' E., 4-86 chains; 5th, S. 45^ E., 5-20 chains; 6th, N, 

3° 18' W., 2-50 chains; 7th, E., 700 chains; 8th, S. 12^ 

W., 3-94 chains; 9th, S. 43^ E., 4'15 chains; 10th, S. 

46'' 57' W., 8-20 chains; 11th, & 29^ E., 9-15 chains; 

12th, S. 48° W., 4-56 chains; 13th, N. 19« W., 3-42 chains; 

14th, S. 28^ W., 8-54 chains; 15th, N. 53° W., 4-60 chains ; 

and 16th, — „ — ^ to the place of beginning. 

Ans. 16th Bearing is N, 12° 18' E. 

And the Distance, 11*08 chainsb 

A. R. p. 
And area of the whole, 22. 3. 13. 
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CHAP. IV. 



DIVISION OF LAND. 



PROBLEM I. 



To lay out a given area in a rectangular form^ having Uie 
'^"yih to the breadth in a given ratio. 

BuLE, Divide the area by the product of the ratios; 
^e the root, and multiply each side by its ratio. 

Example 1. There are 2000 acres of land to be laid 
out m a rectangular form, whose sides are to each otiier, as 
^ is to 5 ; what will their lengths be ? 

m =: 4, n = 5 and mn =: 20. A = 20,000 sq. chains. 



'. « == /20,000 



V 



20 



= VlOOO=:31-62chs. 



4«==: 31-62 X 4 = 126-48 ch8. = one side 
64:=: 31 -62 X 5= 158-10 cha.=o\Jbfct *vvk 
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Example 2. One side of a rectangular field is double 

A. R. p. 

tbe other, what are the sides, when the area is 20. X). 19.' 

perches. Ans. 10*03 chs. and 20*06 chs. 

Example 3. A man has a farm of 150 acres, of a rectan- 
gular form, the depth of the farm is 50 chains. He is 
desirous of adding 50 acres to it, having the same depth, to 
make up 200. What will be the length of frontage of hj^ 
&rm, after the addition? Ans. Haifa mile. 



PROBLEM n. 

When one of the sides is a certain length longer than the oiher. 

To obtain the smaller side^ square half the diflPerence of 
the two sides, add it to the given area, and taking the root 
of their sum, firom this root substract half the difference. 

Example. Given 464 acres, it is required to lay it out 
in a rectangular form, the one side being 6 chsdns longer 
than the other. 

Ans. One side =65*18 chs. ; the other = 71 '18 chs. 



PROBLEM III. 

From a given block of landy with parallel sides, tJie angk 
of inclination of the front and sides being given, to cut off 
a given area, by a line parallel to the sides. 

Rule. Find first the perpendicular depth of the given 
Woct, by constructing the ^^xe «cA xcv^eauring off the 
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perpen^colar, then, as all parallelograms upon equal bases, 
and between the same parallels, are equal, divide the given 
area by this depth for the frontage required. 

Example 1. The concession road, of a certain town- 
ship, bean N. 74® K, while the side lines bear N. 9® W. 
The length of the side lines is 66*66 chains, and the fronts 
of the lots are 30 chains. Required the frontage that must 
be taken, to cut off 100 acres, by a line parallel to the side 
lines. 

The side lines, bearing N. 9^ W., and the fronts, N. 74® 
£., the included angle, or angle of inclination, of the front 
to the sides, is 9^ + 74®, or 83^. 

The perpend, depth is found to be 66*16 chains 
and 100 acres = 1000 square chains 

whence ggqg = 15*12 := the frontage required. 

Ans. 15*12 chains. 

ExAMFLB 2. When the fronts of the lots bear S. 80® W., 

and the side lines N. 15® E., the side lines being 101*50 

chains long, and the concession road frontage 20*00 chains, 

what will be the frontage required, to divide the whole lot 

between A and B, giving A 50 acres more than B, and 

and what quantity will each have ? 

A f A, 117 acres, and 12*72 chains frontage. 
* \ B, 67 acres, and 7*28 chains frontage. 
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PROBLEM. IV. 

From a given triangle, to cut off any given area by a line 

drawn from the vertex to the base. 

Triangles, of equal altitudes, are proportional to their 
bases (see Theorem 17, page 15); therefore making A, the 
given area of the triangle ; a, the part to be cut off; and x, 
the required portion of the base, we have 

a. base. 

Example 1. There is a Gore of land between two town- 
ships, whose area is 425 acres, and base is 85 chains. It 
is required to cut off 400 acres by a line drawn from the 
vertex. 

As 425 : 400 : : 85 : {x) chains. 

Where x = length of new base, = 80 chains. 

Example 2. From a Gore of land, having a base of 
60 chains, containing 125 acres, required the base, to cut 
off 50 acres. Answer 16 chains. 

Example. 3. From a triangle, with a base of 74*54 
chains, containing 35 acres, required the base to cut off 860 
square yards. Answer 8^ yards nearly. 
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CHAP. V. 

COLOUEING MAPS. 

The measured Itnes, if pat in, which is however sddom 
the case in finished plans, must be in lake, drawn in with 
a steel drawing pen, done in the same way as the 
boundaries of the several properties, which are to be in 
Indian ink. 

J7ie fields should be coloured with Italian pink, mixed 
with indigo, laid on very lightly, so that all the roads, 
houses, trees, hedges, &c., and smaller objects, may stand 
out in strong relief against them. No two fields should 
have exactly the same- tint : by varying the proportions of 
the indigo and Italian pink, and adding a little crim!k>n 
lake now and then, this may be easily done. 

The trees and hedges should be done with Indian yellow 
and indigo, of a stronger tint, to stand out, as it were, firom 
the fields. A light shadow in sepia may be advantageously 
thrown in to increase the effect. 

The water should be put in widi cobalt, in waves 
decreasing in width as they increase in strength, till a 
strong edging of Prussian blue gives depth to the whole ; 
a streak of white should in all cases be left in the centre. 

For roadsy the only really good quiet colour is Roman 
ochre. 

Brick houses are coloured with crimson lake; wooden 
ones with Indian yellow. Burnt sienna makes a good 
gravely and burnt umbei and brown madder do well for 
plovghed land. 

Gardens are represented by smaW. tec\;da^^*ax ^^'^^xai^ 
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coloured with a brighter tint than the fields^ which should 
always be of a more sober hue ; the indigo predominating 
in the latter, the Italian pink in the former. These divisions 
should be laid in at once with a brush, having no ruled 
black lines to show their limits; care must, at the same 
time, be taken to have but very little colour in the brush, 
otherwise the edges will dry hard. 



Copying Maps. 

There are various methods adopted in copying maps. 

The quickest is that of putting a piece of tracing paper 
over the map that is to be copied^ and tracing out the 
lines. 

This tracing paper is then pasted down hy its edges 
only upon some clean paper. 

Another quick plan is that of placing a clean piece ci 
paper under the map that is to be copied, and with a fine 
needle pricking through all the lines upon it, wherever 
there are any comers. The marks of the needle are then 
joined carefully hy a pencil^ and the map is in this state 
examined with the original, and the pencil marks, if cor- 
rect, are put in, in ink. The latter is decidedly the better 
method, where the plan is large, and when there are but 
few houses; but where it is complicated, the former 
method should be adopted. 

Should it, however, be necessary to have the copy made 

upon drawing-paper, after the tracing is made, which 

should in this case be done very carefully, it should be 

placed over the dxawin^^-pai^T) ucid having a piece of 
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transfer-paper under it, between it and the drawing-paper, 
every line upon the tracing-paper should be gone over 
carefiiUy with some blunt point, marking especially the 
comers of the buildings. On taking the tracing-paper off, 
an exact copy will be found beneath, which must then be 
drawn in, first in pencil, afterwards in ink, and the transfer 
marks carefully rubbed out 



When the Plan is to he Enlarged or Reduced. 

The shnplest and easiest method, perhaps, is to divide 
*' the map, plan, &c., to be copied" into squares, and by 
constructing a like number of squares on the drawing 
paper, according to the required proportion, to draw within 
these steadily with a pencil the several lines that are found 
in the corresponding squares of the original. The whole 
should afterwards be carefully examined, and, if correct, 
inked in. Sometimes the pentagraph is used, it is not so 
correct, especially when plans have to be enlarged, though 
it is useful for reducing them. 



The following conventional signs, being those most ii 
use, have been added for the benefit of the reader. 



CONVENTIONAL SIGNS. 




Bridges 
S-t44-U — - Drawbridg. 

_-2^:^^ Ford 

^^ %.- — HorseFeiry 

y y/~ Bope Ferry 

EOADS. 

Turnpike Boad 



Highway 
Occ. Road 
^^ Bridle Road 




MILLS. 
3j( ■ qj( i Windmill 

OJj Sawmill 

^ Watermitt 



ri^ Coal 

O Lime-kilQ 

/\ Stone Quarry 

® Town 

o Village 

t Do. with Chnrch 

<(V^@^ Post Honse 

—^- Turnpike 
^j5=* Smithy 

f\ Telegraph 



MILITARY. 
gl Redoubt 

4 1 i Artillery PodtioB 
Battery 
Mortar Battery 



ON PLOTTING. 
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MINES. 





h 



. Gold 
. Silver 



Tin 



Copper 
Lead 

Quicksilver 



BOUNDARIES. 
of a County 
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The following Remarks on Plotting mil be found useful. 

Before commencing to plot, it is always requisite to con- 
sider carefully the shape of the plan to be plotted, its size 
and character, and the most desirable position to place it 
upon the paper, so as to admit of the best vacant space for 
the insertion of the heading or title, with the usual specifi- 
cation, that should accompany it 

Before commencing your plan, take care also to have 
the paper properly stretched upon a drawing board,* if the 



* One of the best methods of laying down drawing paper is this. Wet 
the paper with a sponge, working from the centre either way, on the aide tilM|d 
you are goizig to use, until the paper lias \)een. B\iS&fi\«o^i «Nx«\i^^ ^^'4 

M 
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size of the plan will admit of it^ and finish the whole plan 
before taking the paper off the board. At the bottom of 
the paper, make a scale of the required proportion, care- 
fully dividing it into tenths and hundredths as the case may 
be, and let all Umg lines upon the plan be measured off this 
scale. The short ones, that is, lines of offsets, lines of 
distances less than tenths, may be taken off the ivory scale, 
from which the scale upon the paper was first obtained. 

Having made the scale, lay down your base line very 
accurately, and draw it carefully in vdth lake, marking the 
various stations upon it and its total length. Then take, 
with the compasses, the various lengths of the sides of the 
several triangles, of which the survey is composed, and lay 
off the different points of intersection, testing rigorously 
as you proceed, the conatructedy with the measured lengths 
of the respective check-lines. 

Do all this before an offset is put in, unless the o£&et 
be afterwards used as the point of a more convenient base 
line for another triangle. 

beginning with the longest side, place a straight-edge upon it, about half an 
inch from the edge, and leaning hard upon the straight edge ; turn up the 
edge of the paper by running the back of a knife under the paper against the 
straight edge, and run the glue brush, taking care not to have the glue too 
thick or too thin, upon the board wnd&r the paper, then, still keeping the 
straight-edge down, run the back of the knife over the paper close against 
the straight-edge, which will make the paper adhere partially to the board, 
then, taking a clean piece of paper, put it over the drawing paper, and with 
the back of the knife rub the glue hard on, until the glued edge adheres closely 
to the board. Then serve the opposite side of the paper the same way, 
taking care, in placing the straight-edge, to press well the straight-edge out- 
ward, so that the paper shall be as tight as the wet will allow it, before yon 
glue down the second side. \i t\i\ft \a caxeMly seen to, when the four sides 

have been glued in succopsion, tVie "^w^et 'vX^srEk. ^^-^r^X^fe «& ^"^ ^^ ^ 

'^ootb as a drum. 
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When this part of the plotting is found correct, draw 
the lines in very plainly with lake. 

In marking off the several distances on the base line use 
one of the long scales, and placing it close against the 
given line, prick off with a fine needle the proper dis- 
tances, and round the points, as centres, draw a small 
circle. Do this also in determining the points of inclina- 
tion of the sides of the triangle. 

Having finished these subsidiary lines, as they may with pro- 
priety be termed, proceed to the laying off the offset points. 

The best method of doing this, is to place the long scale 
above referred to, close against the given line, having the 
zero points of each coinciding, and get an assistant to read 
off the several distances thereon, whence offsets are taken, 
first going through the right offsets, then the left An 
o&et scale is now necessary, which is a small scale of two 
inches, divided in the same way as the long one, but the 
zero points being either edge of the scale. This is placed 
against the long scale, and the lengths on the measured 
line are determined by the long line, while the distance 
firom any point, or offset therefi-om^ is determined by the 
ofiset scale ; this latter point is alone marked. Practice 
and care will ensure considerable rapidity, as well as accu- 
racy, in doing this. 

When the scale is 2 or 4 chains to the inch, any ofiset, 
less than 10 links, must be done by the hand. 

With reference to the division of the scales — the scales 
used for horizontal delineations are generally 2, 3, or 4, 
chains to the inch, or 20, 30, or 40 chains. 

Tiie division of the common and vertical sections is 
generally 5 or 50 feet, 10 or 100 feet U> Xlcve Vc^sScl. 
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ITS NATURE AND OBJECTS. 



CHAP. L 

Levelling is the art of representing the inequalities of the 
earth's surface^ and of determining the relative heights of 
any number of points above or below a line, equidistant^ at 
every pointy from the centre of the earths This line is what is 
understood by the term — a level line; it is that line wluch 
is assumed by water when at rest. 

The instrument, used for the purpose of levelling, is 
called a spibit level. 

The Spirit Level. 

This instrument is merely one portion of almost every 
other instrument, carried out to its greatest practical per- 
fection. The bubble, which in most instruments forms 
only a subordinate part in the construction, is in this the 
chief the only object of the instrument being to obtain a 
practical tangent to the earth's surface, or to place the line 
of coUimation of the telescope in a truly horizontal line^ 

This instrument consists, \iike tk*^ o\S[i^x^ of its parallel 
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plates, with their two purs of conjugate screws, of its tele- 
scope, and its spirit level beneath. The telescope also, as 
in the case of the theodolite, has its milled-head adjusting^ 
screw for the object-glass ; and the moveable eye piece for 
neutralizing the parallax. The cross wires, however, are 
not arranged the same way as in the theodolite ; sometimes 
one horizontal and two perpendicular wires are used 
instead. 

The spirit level is furnished with its capstan-headed 
screws, for making it parallel to the axis of the telescope, 
vertically and laterally. 

But in this instrument there is one contrivance which the 
theodolite does not possess — ^that of raising or depressing 
one of the Y's, or supports, on which the telescope rests, so 
as to have the axis of the telescope always at right angles 
to the axis of the instrument. 

AdjvstmmU. 

There are two principal adjustments necessary in this 
instrument : the first to make the level and the telescope 
parallel; the second to make the axis of the telescope 
always at right angles to the axis of the instrument; in 
other words, to secure the line of coUimation being perfectly 
level in any portion of a complete revolution of the instru- 
ment. The first adjustment depends upon what instrument 
is being used, and varies in each. There are, for instance, 
the Y level, Troughton's Improved, the Dumpy, all good 
levels, but differently adjusted. The second is almost the 
same in every instrument It is thus arranged :-^ 

Set the telescope over any pair of conjugate screws, and 
make the bubble level ; turn the \xi&ttvvm!^\i\.) \1^ \^^ \siw^- 
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scope be over the conjugate pair : level it in this position ; 
then tarn it back to the first pair, and correct for any error 
that may have arisen from the last leyellin^ and continue 
till the bubble be central over the two pairs of conjugate 
screws ; then turn the instrument one half revolution round, 
and, if the bubble still remain in the centre, the instrument 
is in adjustment; if not, the error can only be occasioned 
by the axis of the bubble, or which is the same thing, the 
axis of the telescope not being truly perpendicular to the 
centering of the instrument 

To correct this error, in the case of the Y level, raise or 
depress the moveable (Y) support by the milled*headed 
screw beneath, until the bubble be brought half-way to its 
proper position, and correct for the other half by the parallel 
screws. By repeating the correction two or three times* 
the greatest accuracy will be obtamed. 

It is necessary to examine the adjustment every morning 
before starting, and it should be seen to at every observation, 
though it will scarcely require re-adjusting the same day, 
I should observe, that there is, or ought to be, a cap over 
this adjusting (Y) screw which should be carefully 
kept on. 

Levelling Staves. 

These are generally made twelve feet high, divided into 
feet, and again into tenths of a foot, and subdivided for 
facility of computation, into hundredths. Tl^e method of 
arranging this subdivision, constitutes the difference between 
the several staves in use. The feet are distinguished by 
large red figures — the teal\» at^ \T\\>\wk. 
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There are Sopwith's, Gravatt's, the Diagonal Staves, 
&C.; all having their admirers. 



CHAP. II. 

CURVATURE AND REFRACTION. 

Correction for Curvature. 

For long distances, the curvature of the earth must be 
taken into consideration, as well as the density of the 
atmosphere. To correct the former, square the distances 
measured, and di\dde by the diameter of the earth in 
terms of the distances. 

ExABiFLE. What is the correction for curvature for one 
mile distance ? Answer 8 inches, or | foot. 

And because this correction is always equal to the distance 
squared, divided by the constant quantity (the diameter 
of the earth) it will vary as the squares of the distance ; 
therefore, for one mile, it is equal to ^ foot ; for 2 miles, 
f (2) « feet, or f (4) feet ; for 3 miles | (3) 2 feet, or f (9) 
feet, 6 feet 

This correction, when the level is obtained by the 
theodolite, must, to obtain the true height, be added to the 
apparent height 

The refraction, or the correction for density, which 
may be taken as 4- of the correction for curvature, must 
be subtracted Srom it 
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Example of applying this correctioTL 

Placed a spirit level at any 
point B, on the earth's sur- 
face, and found the point £, 
at 3 miles off, to be on an 
apparent level with the point 
B. What is the comparative 
height of the object E ? 

Now, BE is the apparent 
level, and BD the true level, B and D being points equi- 
distant from the earth's centre. DE (^) is the height of E 
above B, which, in feet, equals two-thirds the distance 
(BE, in miles) 2 = 3«X| = 9xf = 6 feet, the height of 
the object E above B. 

To correct for refraction, the object observed at a distance 
of 3 miles was apparently level with the instrument, but 
the correction for curvature was 6 feet, now the correction 
for curvature being one-sixth of the height, 4- of ^ = 4^^^^ 
= 10f> inches, and therefore 5 feet 1^^ inches = the true 
height of the object, allowing for boA corrections. 

EXAMPLES. 

1st — The observed heights of three objects, at a distance 
of 4, 6, and 8 miles (calculated from observation taken by 
the theodolite), were found to be respectively, 24, 25, and 
28 feet. What are their true heights? 

Answer 33 feet 2 inches; 45 feet 7 inches; and 64 feet 
7 inches. 

2nd. — Found the angle of elevation of the spire of a 
church, which was 420 chains 75 links off to be 1^ 10'. 
What is its real height above the point of observation? 
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THEORY OF LEVELLING. 

To find the difference ofleveU between several points^ or to 
trace a sectional line of the inequalities of the eariJCs surfajce. 

Let ABODE be the line to be traced. Set the level (L) 
between the object, and read off the height Aa and that of 
B69 the difference between Aa and B5 will be the number 
of feet that B is higher or lower than Aa; if B6 be greater 
than Aa, the point B will be lower (by this difference) than 
Aa ; for the height, read off by the level staff, is the number 
of feet that each point observed is beneath the level of the 
line of collimation of the telescope — hence, where there is a 
number of points beneath the same level line^ the greater 
the reading of the staffs the lower this point must be. 




Then, because, in the first observation, the height at B 
(read by the level staff) is greater than that at A, the point 
B is lower than the point A. Again, in the second ex- 
ample, where, it must be observed^ x5dl«X «a«!Oaet Nxcir; ^ 
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coUimation is taken^ because the height bj the staff at C is 
greater than that at B^ the point C is lower than B. In 
the third observation, also, D is lower than C, and C being 
lower than B, and B than A, the ground &lls thus far. At 
the fourth observation, however, because the height at D is 
greater than that at E, the point D is lower than £, and 
therefore, E being higher than D, the ground rises to E, 
and as the reading at E is greater than at F, it goes on 
rising to F. The relative heights of the two ends of the 
lincj at A and F, depend upon whether the ground &lls, 
more or less, from A to D, than it rises from D to F. 

Now, the difference between the reading at B and A, in 
the first observation, added to the difference of readings at 
C and B, in the second observation, plus this difference 
between D and C, in the third, as there is a continued 
descent to the point D, will give the actual fall from A to 
D, or the number of feet, that the point D is lower than A. 
In the same way, the sum of the difference of readings of 
D and E, and of E and F, in their respective observations, 
will be the number of feet F is higher than D ; if, there- 
fore, the fall from A to D be greater than the ascent from 
D to F, the difference will be the actual fall from A to F, 
or the number of feet that the point A is higher than the 
point F. 

This is the principal object of levelling. It is veiy sim- 
ple in theory, but in the carrying out of the practical opera- 
tions, great care is necessary. In this, as in most things 
which are of a simple character, and which do not admit of 
checks in the course of the work, errors are very likely to 
creep in imperceptibly. 
As the necessary calculationB for curoofcaT^ wA vtfraetion 
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would be exceedingly tedious^ in extensive operations^ the f oh- 
hmng method renders them altogether unnecessary. 

Set the level halfway between the objects, as nearly as 
the eye can teU, and the corrections for both become equal 
and opposite, and therefore neutralize each other. 
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TRIAL LEVELS. 



Having determined upon the general line of route, the 
line is marked down upon the Ordnance map, and the 
several points, where the roads are crossed, are carefully 
measured from the scale, and determined upon the ground. 

The levels are then taken, as near as possible to this 
direction — the error of deviation being always confined to 
the intervals between the roads — the relative heights of 
these points of the roads being always ascertained, and 
bench marks taken near. The inclination of the ground 
on the right and the left of the line, is also, in the first trial 
level, carefully marked so that the engineer may know on 
which side of the levelled line to deviate, when he is in 
want of a piece of cutting, or an embankment 

The trial level, however, is, after all, but very rough 
work, and serves only as a general check upon the correct- 
ness of the subsequent levels. 
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CHAR V. 

CHECK LEVELS. 

Are levels taken for the purpose of determining a second 
time, the heights between several distant points, which 
agreeing with the first, becomes a strong proof of the cor- 
rectness of the work in detaiL 



CHAR VL 
FINAL LEVELS 

Method of levelling and of keeping the Field Booh 

Having determined upon the point of commencement^ 
select some fixed point, as near to it as possible, the height 
of which when taken may become a mark of reference for 
any subsequent levelling. This is called a bench mark. The 
best bench marks are hinges and hooks of gates, mile stones, 
nails driven into trees, &c. 

Place your level about half way between this point and 

the next onward station, and fixing the legs firmly in the 

ground, set the instrument level, and observe the height 

read off by the staff when placed upon the bench mark, 

tills observation is caWed a \i«isJL-%v^\^ ^x VAi^kset Turn 
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the instrument round to the starting point or 0*00 of the 
levelling and read off the height there. This is an inter- 
mediate, as not being a connecting-link in the consecutive 
series of backsets and foresets. Lastly, read off the height 
at the forward station, which is termed the foreset, taking 
care, hefort each of tliese observations, to see that the bubble 
is duly in the centre of the tube. Now take up the level, 
and place it, as before, between the next two stations, and 
80 on, observing the back and forward readings in every 
case, and taking, on the way, such bench marks as may appear 
desirable for the purposes of reference hereafter. These 
bench marks should be of a permanent character, nea/r to the 
line, and in conspicuous places. 

In taking these observations great care should, in all cases, 
be observed, and due attention paid on the part of the sur- 
veyor, to the non-existence of parallax. 

The staff-holder, also, incurs considerable responsibility 
as all the care on the surveyor's part would be neutralized 
by inattention in the placing or moving of the staff. At 
every station the staff has to be read off twice, in opposite 
directions, and great care is requisite in turning it round. 
A piece of slate, or board, is sometimes used by the staff- 
holder for that purpose, so as to keep the staff always in 
the same point Much error also arises from the staff not 
being held perfectly upright; there is some difficulty in 
keeping it so, and men are apt to become tired and careless. 
The wind, too, will often disturb it. 

Uie following Example of keeping the Field Book tmU, it 
is hoped, enable tiie learner to understand clearly the principle 
on which all levelling is conducted. 
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The first level taken is a backset, 9*969 the staff being 
beld on the step of a house adjoining the line, in the road 
from Hereford to Mordiford. This point was assumed as 
200 feet above a common datum line, to which line all the 
subsequent heights are referred, The next observation 
was 10*85 centre of road; now, because 10*85 is greater 
than 9*96, it shows that the point at 10*85 is lower than 
that at 9*96 ; deduct, therefore, 9*96 from 10*85, and put 
the difference 0*89 in the column of falls (because the 
ground falls there); again, because the starting point 
was 200 feet above the datum line, and the second 
point 0*89 lower than the starting point, deduct this 0*89 
from 200 feet, and you have 199*11 as the height, or the 
reduced level of this second point above the datum line. 
This second point is the centre of the road. The next 
point reads only 4*81, being, therefore, 6*04 higher than 
the second point, and must be placed in the column of 
"rises" ; add, therefore, 6*04 to 199*11, and you obtain the 
height of this third point. The next point which is a fore- 
set (after the reading of which the instrument will have to 
be moved onwards) is 6*38, or ' 157 lower than the last; 
place 1*57 in the column of falls, and deduct it from 
205 15, making the reduced level 203*58. 

Considering, therefore, each backset and foreset, with as 
many intermediates as may be wanted between them as the 
links of the chain, find the difference between every 
observation and its subsequent one — if the latter be greater, 
it falls; if smaller, it rises — ^place these in their proper 
columns; then, from each preceding height or reduced 
level, deduct the falls and add the rises of the following 
observation as the case may be, to o\i\A\w \Sc^^ \^^^^^\«^^ 
of that observation. 
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The proof of the correctness of these calculations is 
obtained by adding the backsets together, and the foresets 
together, and finding the difference between the two sums. 
Find secondly, the difference between the sums of the rises 
and falls ; and lastly, the difference between the first and 
the last reduced levels ; these three differences should be 
equal, and this serves as a check or proof of the previous 
calculations being correct Thus the backsets are 140*65 ; 
the foresets 78 '58 ; the ground rises 62-07 feet; the rises 
are 86*13 ; the falls, 24*06; the difference between which 
is also 62*07 feet; the falls being the smaller, the height at 
starting was 200 feet; the last height is 262*07, or 62*07 
feet higher than the first : the work therefore is correct. 

The annexed field notes, containing only such informa- 
tion as is obtained in the field, are given for the student's 
practice. They must be resolved into their rises and falls, 
and reduced to their heights above the datum line, as in 
the foregoing example. The assumed height is given, 200 
feet above the datum line: and the calculations are to be 
referred to that. The heights of some of the bench marks 
are given throughout, as checks upon the student's calcula- 
tions. The safest check, however, is finding whether the 
three differences before-mentioned are the same. 
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Lower hinge of gate, right of 
line. 


3 


15 

87 


6 


00 


5 
6 


69 
93 


188-74 


71-60 
72-60 

77-20 


Centre of road "(road 71-87 
Far eide of road/and 72-40. 
Near Bide of hedge. H, 77-50 
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Back 


Intar 


Pom 


Rednced 


DislAaoi 


Bemad*. 


T33 


4 45 
6 55 
6 48 






I88T4 


80-00 
2-45 
2-80 


1 Mile 
H at 2-60 






7 


28 




7-10 


H at 8-00 


4 56 


4 76 
7 80 


8 


94 




8-40 
12-00 
13-60 


H at 13-00 


187 


3 65 

6 20 
8 26 


11 


60 




15-00 
17-58 
21-00 
21-50 


H at 17-47 

Hat 21 '35 


5 92 


5 05 

6 50 
438 

7 65 


8 


05 




22-00 
22-60 
23-50 

26-82 
27-10 


H at 26-90 


127 


6 80 


9 


65 




29-40 
29-85 


H at 29-60 


2 57 


5 95 








36-00 


H at 36-40 


/ 




5 


92 


157-82 


37-00 
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B«k 


Inter 


fWe 


Rednced 
Levels. 


Dislaacf 


B«.... 


"2 


65 






7 


20 


157 '82 


40-78 


Eoad at 41-00 and 41-30 


5 


82 


6 


52 








41-15 


Centre of Eoad Bee X Section 










4 


09 


155-00 


R. M. 6 


Upon notch in side of gate 


3 


80 






7 


69 




42.00 


post, left of line. 





96 






9 


79 




46-16 




2 


00 






5 


19 




47-86 


H at 47-71 


2 


77 


1 
3 


15 
28 


6 


72 




49-80 
50-60 
52-50 


H ftt 50-00 


3 


69 


3 


98 


7 


90 




54-00 
59-70 


H at 59-80 


i 


27 


4 


45 


8 


U 




60-00 
64-30 




1 


45 






8 


10 




70-00 


H at 70-30 


3 


58 


* 

4 
6 


25 

74 
10 


5 


07 




70-80 

B. M. 7 

72-20 
73-80 


on post of new bridge over 
stream; marked thusl\ 

Stream croBBe8at74-00,&74-50 


5 


25 


8 
6 


15 
51 








74-60 


Surface of water in stream 













99 


123-21 


76-90 


H at 77-40 
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528 
502 



77-50 

80-00 

1-00 
1-60 

2-00 
i.K, 7a 

2-80 

400 
670 



7-00 
lO-OO 

1214 
14-00 

16-10 
18'60 

19-00 
23-00 



Koad at 1-40 and 1-8 



H at S-85 
trunk of old tree in bedgo 



■2W 'ifiw\ 



Centre of road, see X section 6 1 
Eoad crosses at 23'20 & 23-8( 



HATFIELD TOWARDS MALDON. 



B»ck, later, Fo™ ' 



29-00 
29-40 
34-tM} 

3440 

37-00 
37-60 

41-00 
ri.M. H 
41-50 

44'00 
47-00 
48-00 

49-10 
50-70 

53-00 
54-00 
56-00 

59-40 
60-00 

B.H.10 



H at 29-20 
Hat 3410 



H at 41-40 

Lower hinge of gate, right of 
line ; left post marked 



Upper raU of fence marked 
in line 
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Back. 



050 



\ 



InterJ Fore. 



i^S>^- 



Bemarks. 



03 5 



50 



72 



04 



5 
4 



48 



59 



26 



18 



79 



4 
5 



10 

78 



51 



127-25 



65 



4 
5 

6 

7 



10 
00 



29 
57 
47 
43 



7 
4 



46 



04 



76 



121-34 



45 
96 

11 



112-33 



61-90 
65-00 

71-00 
72-00 

7410 

78-00 
78*45 

B.K.11 

79-00 

80-00 

200 

2-50 
3-60 
600 
7-00 
10-09 
14-46 

B.M.12 



H at 71-30 



This side of road 

Centre of road. — See X Sec 

No. 7 a* 
on trunk of large tree, notcl 

near side of road 
Road at 78-10 and 78-90, 
3 Miles 
H at 2-35 



H at 6-80 



H at 14-35 

on staple of left post in SU 
mer's Farm-yard. 



* Hie Cross Sections referred to \\il\ifc«fc\CT^^'^jw^\jfcW!L waitted in the p 
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These notes must bt filled up by the student himself; 
and then plotted to a scale of 6 chains to the inch, hori- 
xootal, and 50 feet yertical, and compared with tlie accom- 
pmyiiig section. 

The strong black line upon this section is an arbitrary 
fine, lepresentiDg the surfitce of the rails. 
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